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PREFACE 


This  is  the  final  report  prepared  by  Calspan  Corporation, 

Advanced  Technology  Center  on  a program  sponsored  by  the  Air  Force  Weapons 
Laboratory,  Kirtland  Air  Force  Base,  New  Mexico  under  Contract  F29601-77-C-0093 
for  the  period  September  1977  to  August  197C.  The  work  herein  entitled 
"TRESTLE  WIND  TUNNEL  STUDY"  was  accomplished  with  Major  Sherwood  A.  Richers, 
AFWL/TPO  as  Project  Engineer.  Dr.  Gary  R.  Ludwig  of  the  Calspan  Corporation 
was  technically  responsible  for  the  overall  program.  Dr.  Joseph  P.  Nenni  of 
Calspan  developed  the  analytical  portion  of  the  program.  Other  Calspan 
personnel  were:  Dr.  George  T.  Skinner,  Mr.  John  R.  Moselle,  and  Mr.  John 
Nemeth. 
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1.  INTRODUCTION 


The  U.S.  Air  Force  is  building  a TRESTLE  facility  to  test  the  effects 
of  electromagnetic  pulses  on  large  aircraft.  Test  aircraft  will  be  situated 
in  flight  configuration  on  the  test  stand  of  the  facility.  The  test  stand  is 
situated  approximately  120  feet  above  a square  bowl-shaped  excavation  in  the 
ground.  Access  to  the  test  stand  is  by  a ramp  over  the  excavation.  The  ramp 
is  SO  feet  wide  by  nearly  400  feet  long.  Large  aircraft  being  towed  uver 
the  ramp  will  be  subject  to  complex  wind  fields  which  may  cause  handling 
problems  leading  to  aircraft  and  facility  damage.  The  present  program  con- 
sists of  model  tests  to  determine  the  wind  flow  patterns  around  the  TRESTLE 
facility,  and  the  use  of  the  wind  flow  data  in  an  analysis  to  determine  the 
effects  of  these  winds  on  aircraft  on  the  ramp  and  the  test  stand. 

The  model  tests  were  performed  in  the  Calspan  Atmospheric  Sirulation 
Facility  (ASF).  This  is  a specialized  wind  tunnel  designed  for  the  purpose 
of  modeling  the  wind  in  the  lower  atmosphere.  In  the  current  program,  a 
scale  model  of  the  TRESTLE  facility  and  its  surroundings  was  designed  ar d 
constructed  to  fit  on  one  of  the  large  turntables  in  the  ASF.  Suitably 
scaled,  randomly  distributed  terrain  roughness  elements  were  used  for  a lcng 
fetch  upstream  of  the  turntable  model  to  generate  the  proper  wind  characteristics 
in  the  wind  approaching  the  turntable.  Preliminary  flow  visualization  experi- 
ments using  smoke  were  performed  to  study  the  general  flow  patterns  near  the 
TRESTLE  facility  and  aid  in  the  selection  of  locations  for  making  quantitative 
velocity  measurements.  Three -component  mean  velocity  measurements  were  then 
made  with  hot-film  equipment  at  sufficient  points  to  define  the  flow  field 
in  the  vicinity  of  the  ramp  and  the  test  stand.  The  velocity  surveys  were 
performed  for  every  30  degrees  in  wind  direction. 

The  experimental  velocity  measurements  were  used  to  estimate  the  ef- 
fects of  the  wind  on  various  large  test  aircraft  while  the  aircraft  are  being 
towed  on  the  facility  or  are  tied  down  on  the  facility.  Since  available 
methods  of  estimating  the  aerodynamic  characteristics  of  aircraft  do  not  apply 


to  these  fiow  conditions  because  of  a combination  of  wind  shear,  ground  effects 
and  unconventional  wind-aircraft  orientation,  a simplified  method  was  developed 
to  estimate  the  forces  and  moments  on  the  aircraft.  It  was  envisioned  that 
the  primary  aircraft  motions  of  interest  would  be  overturning,  lift-off  and 
sliding  in  either  translation  or  rotation.  The  simplified  method  of  aero- 
dynamic analysis  was  used  to  estimate  the  forces  on  the  aircraft  for  various 
wind  directions  and  velocities  and  for  various  positions  on  the  facility  in 
order  to  identify  wind  conditions  that  might  produce  any  of  the  above  aircraft 
motions. 

It  was  expected  that  the  wind  flow  patterns  around  the  model  of  the 
TRESTLE  facility  would  show  significant  variations  in  velocity  over  the  typical 
dimension  of  an  aircraft.  Therefore,  in  order  to  obtain  realistic  estimates 
of  the  forces  and  moments  acting  upon  the  test  aircraft,  the  method  of  analy- 
sis incorporated  provisions  to  account  for  the  nonuniform  flow  in  the  vicinity 
of  the  aircraft.  This  necessitated  measuring  the  local  wind  velocity  compo- 
nents at  a sufficient  number  of  points  so  that  the  data  could  be  interpolated 
to  any  point  on  the  aircraft  surfaces.  Thus,  a large  number  of  velocity 
measurements  were  required  for  each  wind  direction.  The  acquisition  of  these 
data  and  their  incorporation  into  the  analysis  essentially  determined  the 
scope  of  the  program. 

This  report  presents  the  results  of  the  model  test  program  and  the 
aircraft  force  analysis.  The  scaling  criteria  for  the  model  tests  are  pre- 
sented in  Section  2 followed  by  a description  of  the  ASF  and  its  instrumenta- 
tion in  Section  3.  The  model  design  and  construction  are  described  in  Sec- 
tion 4 and  the  test  program  and  its  results  are  presented  in  Section  5.  A 
description  of  the  aircraft  force  analysis  and  its  results  are  presented  in 
Section  6.  A summary  of  the  results  and  the  conclusions  reached  are  presented 
in  the  last  section.  Details  of  the  hot-film  anemometer  data  analysis,  the 
experimental  velocity  results,  and  the  aircraft  force  analysis  computer  pro- 
gram are  presented  in  Appendices  A through  D. 


8 


2.  SCALING  CRITERIA 


In  conducting  small-scale  modeling  of  flows  in  the  atmospheric  boundary 
layer,  care  must  be  taken  to  ensure  that  all  important  features  of  the  full-scale 
situation  are  represented  in  tht  model.  Broadly  speaking,  these  include  the 
ambient  v?nd  environment,  including  both  the  mean  and  turbulent  characteristics, 
as  well  as  the  local  terrain.  Although  not  relevant  here,  in  the  special  case 
of  studies  of  the  dispersion  of  stack  emissions,  one  must  also  model  the  relevant 
features  of  the  exhaust  gases,  namely,  exit  momentum,  buoyancy  and  pollutant 
concentration.  The  dynamics  of  such  flows  involve  inertial,  viscous  and 
buoyancy  forces,  as  well  as  turbulent  transport.  The  scaling  criteria  presented 
below  are  mathematical  statements  of  the  requirement  that  each  of  these  forces 
be  present  in  the  same  relative  degree  in  the  model  as  in  full-scale.  They  are 
disossed  at  some  length  in  References  1 through  4,  and  here  we  will  only  list 
the:*,  along  with  a brief  description  of  what  they  represent. 

The  most  obvious  requirement  is  that  of  geometric  scaling  between  thr 
full-scale  and  model  flows,  with  regard  to  buildings  and  local  topography.  This 
also  implies  that  one  should  hold  the  ratio  of  some  characteristic  geometric 
length,  say  X , to  a length  characteristic  of  the  local  ground  roughness,  say 
Z#  , constant  between  full-scale  and  the  model: 


1.  McVehil,  G.E.,  Ludwig,  G.R.  and  Sundaram,  T.R.  "On  the  Feasibility  of 
Modeling  Small  Scale  Atmospheric  Motions"  Calspan  Report  No.  ZB-2328-P-1 
April  1967 

2.  Ludwig,  G.R.  and  Sundaram,  T.R.  "On  the  Laboratory  Simulation  of  Small- 
Scale  Atmospheric  Turbulence"  Calspan  Report  No.  VC-2740-S-1 
December  1969 

3.  Ludwig,  G.R.,  Sundaram,  T.R.  and  Skinner,  G.T.  "Laboratory  Modeling  of 
the  Atmospheric  Surface  Layer  with  Emphasis  on  Diffusion"  Calspan 
Report  No.  VC-2740-S-2  July  1971 

4.  Sundaram,  T. R. , Ludwig,  G.R.  and  Skinner,  G.T.  "Modeling  of  the  Turbu- 
lence Structure  of  the  Atmospheric  Surface  Layer"  AIAA  Journal  Vol.  10 
No.  6 June  1972 
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where  the  subscripts  "m"  and  " p " denote  model  and  prototype  (full-scale), 
respectively.  Since  essentially  determines  the  scale  of  the  turbulent 
eddies  near  the  ground,  this  ensures  that  the  relative  size  of  the  structures 
and  the  eddies  is  maintained. 

The  majority  of  flows  very  near  the  ground  are  "aerodynamical ly  rough"; 
i.e.,  no  laminar  sublayer  exists,  and  the  flow  is  fully  turbulent.  In  such 
cases,  molecular  diffusion  is  negligible  in  comparison  with  that  resulting 
from  turbulent  transport.  For  this  reason,  holding  the  usual  Reynolds  number 
constant,  based  on  free-stream  conditions  and  a characteristic  model  length,  is 
generally  not  required.  Experience  has  shown  that  the  flow  will  be  aero- 
dynamically  rough  when  a Reynolds  number  based  on  surface  conditions  is 
sufficiently  large;  i.e.. 


(2) 


where  u,  , the  friction  velocity,  is  related  to  the  shear  stress  at  the  ground, 
7 , by  u,  •yjt/p  • Here  z ) is  the  kinematic  viscosity  and  p the  air  density. 

Of  the  two  conditions,  (1)  and  (2),  it  is  more  important  to  satisfy 
condition  (2).  In  addition  to  these  criteria,  it  is  also  necessary  to  make 
certain  that  the  turbulence  spectra  of  the  tunnel  flow  are  suitably  scaled 
reproductions  of  the  atmospheric  flow.  When  these  conditions  are  met,  the 
wind  environment  in  the  tunnel  flow  is  a ptcp“i'  representation  of  the  atmos- 
phere, for  neutrally  stable  conoitions. 


The  problem  of  actually  generating  the  required  flow  in  a laboratory 
facility  is  one  that  has  received  a great  deal  of  attention  in  recent  years.  A 
wide  variety  of  approaches  is  available  for  the  development  of  the  proper  flow; 
these  involve  the  use  of  various  types  of  roughness  elements,  fences,  spires, 
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and  jets  transverse  to  the  flow.  At  Calspan,  the  approach  that  has  been  used 

2 3 j 

is  that  of  a matched  fence/rough-floor  combination.*’  ’ With  this  technique, 
the  appropriate  semi-logarithmic  mean  velocity  profile,  as  well  as  a turbulence 
spectrum  representative  of  that  in  the  neutral  atmosphere,  Is  generated. 

There  are  some  additional  scaling  criteria  which  must  be  satisfied  when 
modeling  buoyant  flows  such  as  stack  emission  or  thermally  stratified  atmospheric 
flows.  A relatively  comprehensive  summary  of  these  is  presented  in  Reference-  5. 
However,  these  additional  criteria  do  not  apply  to  the  present  program.  For 
the  neutrally  stable  atmosphere  of  the  current  tests,  both  the  full-scale  and 
model  flow  patterns  will  be  independent  of  the  magnitude  of  the  wind  velocity  if  the 
local  velocities  are  normalized  by  a reference  velocity  which  is  representative 
of  the  wind  approaching  the  TRESTLE  facility.  The  reference  velocity  can  be 
that  measured  at  corresponding  locations  in  the  model  and  full  scale,  say,  for 
example,  at  10  meters  above  a specific  ground  level  location.  Thus  it  necessary 

to  measure  flow  patterns  at  only  one  reference  wind  velocity  in  the  model  tests. 

The  dimensionless  results  will  be  applicable  to  all  reference  wind  velocities. 
Furthermore,  the  forces  and  moments  on  a building  or  aircraft  model  immersed  in 
the  flow  may  be  suitably  normalized  to  be  independent  of  the  magnitude  of  the 
reference  velocity.  It  should  be  noted,  however,  that  the  flow  patterns  will 
change  with  wind  direction  and  it  is  necessary  to  measure  the  flow  field  for  a 
variety  of  wind  directions. 

* s noted  in  the  preceding  discussion,  Reynolds  number  does  not  play 
as  important  a role  in  atmospheric  modeling  as  it  does  in  aeronautical  modeling. 
However,  it  is  necessary  to  consider  Reynolds  number  effects  in  the  design 
of  some  portions  of  the  TRESTLE  facility  model.  Specifically,  it  is  neces- 
sary to  consider  Reynolds  number  effects  when  designing  the  model  of  the  wire 


5.  Ludwig,  G.R.  and  Skinner,  G.T.  "Wind  Tunnel  Modeling  Study  of  the  Dis- 
persion of  Sulfur  Dioxide  in  Southern  Allegheny  County,  Pennsylvania" 
Environmental  Portection  Agency  Report  No.  EPA  903/9-75-019 
December  1976 
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mesh  structures  used  to  simulate  the  transmission  lines  and  the  central 
ground  plane  wedge  structure.  It  is  necessary  to  keep  the  drag  or  loss  character- 
istics of  these  structures  the  same  in  the  model  and  in  full-scale.  Similar 

considerations  are  necessary  in  the  design  of  the  support  structure  heneath 
the  test  stand  and  ramp.  This  topic  is  addressed  more  fully  in  Section  4. 


A final  discussion,  regarding  the  comparison  of  model  results  with  full- 
scale,  relates  to  the  well-known  fact  that  in  full-scale,  the  averaging  time 
has  a distinct  effect  on  the  measurements.  This  is  not  the  case  in  model  tests 
in  the  ASF.  The  model  results  correspond  to  short-time  averaged  full-scale 
measurements,  taken  over  not  more  than  10  or  15  minutes  in  most  cases.  Briefly, 
what  is  involved  here  is  the  following.  The  frequency  spectrum  of  wind  gusts  in 
full-scale  always  shows  a null,  or  near  null,  in  the  range  1 to  3 cycles  per 
hour.6  Thus,  it  is  theoretically  correct  to  separate  the  spectrum  into  two 
parts  at  a frequency  in  that  range,  and  deal  with  phenomena  associated  with  each 
part  separately.  In  the  ASF,  the  high-frequency  portion  related  to  the  ground- 
induced  turbulence  is  fully  simulated.  The  low-frequency  portion  related  to 
meandering  of  the  wind,  diurnal  fluctuations,  passage  of  weather  systems,  annual 
changes,  and  so  on,  must  be  considered  separately  if  they  are  important  to  the 
study.  In  the  current  program,  these  very  low  frequency  effects  are  not  important. 
Usually,  meteorological  forecasts  will  provide  estimates  of  hourly  mean  velocity 
and  gust  maximum  velocity.  The  velocity  measurements  in  the  ASF  correspond 
most  closely  to  the  hourly  mean  meteorological  forecasts.  However,  conservative 
estimate?  f the  wind  effects  will  be  obtained  if  the  peak  gust  velocity  in- 
stead of  the  hourly  mean  velocity  is  interpreted  as  the  reference  velocity  in 
the  force  analysis. 


Since  the  effective  full-scale  averaging  time  is  independt.it  of  model 
averaging  times,  one  can  choose  the  model  averaging  time  to  provide  data  which 


6.  Lumley,  J.L.  and  Panofsky,  H.A.  The  Structure  of  Atmospheric-Turbulence 
Interscience  (John  Wiley  and  Sons)  Hew  York  pp.  42-43 
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are  repeatable  to  within  a specified  accuracy.  The  model  averaging  times  re- 
quired to  ohtain  a given  accuracy  can  be  estimated  from  statistical  considerations 
as  described  in  the  following  paragraphs. 

For  a statistically  stationary  process,  one  can  form  an  average  of 
any  quantity  by  taking  N independent  samples,  adding  their  values  and  dividing 
by  X . If  one  were  to  do  this  many  times,  one  would  ohtain  a distribution  of 
average  values  having  some  standard  deviation  from  the  true  mean.  The  ratio 

_ i / ■> 

of  this  standard  deviation  to  the  true  mean  value  is  approximately  N “ , in 
most  cases.  This  ratio  may  be  regarded  as  a typical  fractional  error  in  a 
quantity  measured  by  averaging  N independent  samples.  Thus,  to  keep  this  error 
within  10t  of  the  mean  requires  about  100  samples;  to  keep  it  within  It  requires 
about  10,000  samples. 

We  have  stressed  that  the  samples  must  be  independent.  That  means  that 
the  system  (the  air  flow  around  the  model  in  the  ASF)  must  "forget"  what  it  was 
doing  in  the  time  span  hetween  samples  --  an  independent  sample  can  he  obtained 
once  the  correlation  with  the  last  value  has  essentially  vanished.  To  estimate 
the  time  interval  required  between  samples,  one  can  proceed  along  the  following 
lines.  The  model  is  immersed  in  a 

boundary  layer  of  thickness,  d'  , ym 

typically  about  4 feet.  The  velocity, 

U.0  , near  the  top  of  the  boundary 
layer  may  be  anything  from  roughly  1 to 
80  feet  per  second.  The  biggest 
eddies  in  the  turbulent  flow  essentially 
span  the  boundary  layer,  so  that  we  are 
not  assured  of  an  independent  turbulence 
picture  until  the  boundary  layer  has  moved  a distance  of  about  S . We  can  say 
that  most  of  the  boundary  layer  moves  at  a velocity  close  to  Uw  , so  we  can 
take  "independent"  samples  at  a rate  U^Af  per  second.  We  can  now  construct 
an  equation  which  relates  the  sampling  time,  t,  required  to  obtain  a given 
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fractional  error,  <r  , to  the  tunnel  reference  velocity,  U*  . 
above  discussion, 


From  the 


/ 

VA T 


and 


At  ~ 


Vc 


Thus , 


(3) 


where  N 

ti 

6 

U. 

<r 


number  of  independent  samples 

minimum  time  interval  between  samples  (seconds) 

model  sampling  time  (seconds) 

ASF  boundary  layer  thickness  ( ^ 4 feet'' 

ASF  reference  velocity  at  top  of  boundary  layer  (feet/sec.) 
fractional  error  in  measurements  (t  error/100) 


It  should  be  noted  that,  in  the  case  of  turbulence  measurements,  high 
frequency  components  require  the  same  averaging  time  as  discussed  above  because 
they  are  products  of  the  breakdown  of  the  large  (low  frequency)  eddies.  There- 
fore, they  are  subject  to  the  same  statistical  considerations. 

St  Is  not  generally  appreciated  how  long  an  averaging  time  is  required 
for  ASF  data  processing.  This  can  be  illustrated  by  application  of  Equation  (31. 
Typical  accuracies  expected  in  pollution  studies  are  about  10k  and  typical 
velocities  are  about  2 ft/sec.  Equation  (3)  indicates  a required  sampling 
time  of  200  seconds.  On  the  other  hand,  a typical  velocity  for  the  TRESTLE 
model  tests  was  about  3S  ft/sec.  In  this  case.  Equation  (3)  indicates  that 
an  accuracy  of  St  would  require  400  samples  taken  in  a minimum  total  time  of 
4b  seconds. 
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In  the  current  program,  the  total  number  of  samples  used  was  400 
taken  over  a time  interval  of  68  seconds.  For  the  35  ft/sec  reference  ve- 
locity used  for  the  majority  of  the  tests,  this  time  interval  is  nearly  50 
percent  larger  than  the  approximate  minimum  time  given  by  Equation  (3).  A 
few  tests  were  performed  with  a reference  velocity  of  20  ft/sec.  The  cor- 
responding minimum  averaging  time  given  by  Equation  (3)  is  approximately 
80  seconds  for  400  samples.  The  68  second  integration  time  is  about  15  per- 
cent lower  than  the  value  suggested  by  Equation  (3).  However,  as  indicated 
in  the  derivation,  Equation  (3)  is  only  approximate.  In  practice,  it  has 
usually  been  found  that  somewhat  shorter  averaging  times  provide  the  required 
accuracy.  To  establish  a suitable  value  at  the  start  of  any  program,  a few 
averages  are  generally  checked  as  a function  of  integration  period.  Varying 
the  integration  period  was  not  practical  in  the  current  program  because  of 
the  way  in  which  the  on-line  minicomputer  was  programmed  for  data  reduction 
of  the  instantaneous  samples.  Nevertheless,  comparison  of  the  non-dimensional 
velocities  measured  at  the  two  reference  speeds  indicated  satisfactory  agree- 
ment. 
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3.  TEST  FACILITIES 


3.1  THE  ATMOSPHERIC  SIMULATION  FACILITY 

The  Cal  span  Atmospheric  Simulation  Facility  (ASF),  is  designed 
mainly  for  studying  atmospheric  flow  phenomena.  This  wind  tunnel  differs 
from  the  conventional  aeronautical  wind  tunnel  in  two  important  respects, 
namely,  the  wind  shear  and  the  degree  of  turbulence.  Every  effort  is  made  in 
a conventional  aeronautical  wind  tunnel  to  assure  a smooth,  uniform  flow,  free 
from  turbulent  gusts.  In  contrast  to  this,  a wind  tunnel  for  simulating  the 
lower  atmospheric  flow  requires  a relatively  thick  turbulent  boundary  layer 
within  which  the  mean  and  turbulent  properties  are  similar  to  those  in  the 
atmosphere. 

In  order  to  simulate  these  effects  properly,  a wind  tunnel  must  be 
constructed  in  a very  unconventional  way.  The  particular  method  developed  at 
Calspan  for  this  purpose"  is  to  use  a fence,  protruding  from  the  floor  of 
the  tunnel,  followed  by  a length  of  floor  that  is  covered  with  roughness 
elements.  This  combination  assures  both  the  desired  shear,  and  the  associ- 
ated turbulent  gust  spectrum  as  well.  Figure  1 shows  an  exterior  view  of  the 
facility.  The  rough  floor,  consisting  ot'  3o  feet  of  wooden  blocks  followed  by 
12  feet  of  gravel  in  this  case,  can  be  seen  upstream  of  the  model  in  Figure  2. 
The  fence,  which  is  a solid  aluminum  plate,  protruding  from  the  floor  at  the 
beginning  of  the  flow  development  region,  is  also  visible  in  this  figure. 

The  facility  is  119  feet  long.  The  test  flow  is  developed  generally 
over  a SO-foot  length  downwind  of  the  intake,  leaving  approximately  30  feet 
available  as  a test  section.  The  tunnel  is  8 feet  wide  by  approximately  7 
feet  high.  The  tunnel  ceiling  is  adjustable  to  allow  the  axial  pressure 
gradient  to  be  set  near  zero.  The  turbulent  boundary  layer  occupies  roughly 
the  lower  4 to  5 feet  in  the  ASF  depending  on  the  rough  ground  configuration. 

A variable-pitch  fan  powered  by  a two-speed  motor  pulls  air  through  the  tun- 
nel at  speeds  from  less  than  1 mph  to  SS  mph.  Sound  attenuators  upstream 
and  downstream  of  the  fan  system  are  included  in  the  power  package.  Even  at 
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Figure  1 THE  CALSPAN  ATMOSPHERIC  SIMULATION  FACILITY  (ASF) 


very  low  free-stream  velocities,  the  mean  flow  in  the  tunnel  is  quite  steady. 
The  wind  tunnel  is  situated  in  a very  large  room  which  forms  the  return  cir- 
cuit between  the  tunnel  inlet  and  exhaust. 

Two  mechanical  turntables  are  incorporated  into  the  floor  of  the 
ASF.  Both  of  them  have  a diameter  of  88  inches.  These  turntables  can  be 
placed  at  various  axial  locations,  depending  on  the  program  requirements. 
Models  to  be  tested  are  mounted  on  one  of  the  turntables.  In  this  way,  when 
upstream  details  are  not  sufficiently  unique  to  require  specific  modeling, 
the  general  rough  ground  can  be  continued  up  to  the  turntable,  which  can  then 
be  rotated  to  change  wind  direction.  The  floor  of  the  ASF  can  be  warped  both 
upstream  and  downstream  of  a model  placed  on  either  of  the  turntables  in  order 
to  match  the  terrain  contours  at  the  edge  of  the  model. 

Various  rough  grounds  are  used  depending  on  the  scale  of  the  model 
and  the  upwind  terrain.  The  latter  may  change  as  the  wind  direction  is 
changed;  for  example,  a building  located  near  a shore  line  will  require  an 
over-water  approach  for  on-shore  winds  and  perhaps  a suburban  approach  for 
other  wind  directions.  Close  to  the  actual  model  under  test,  greater  detail 
is  incorporated.  For  example,  a city  building  will  be  surrounded  by  several 
blocks  of  accurately  modeled  city. 

3.2  INSTRUMENTATION 


The  primary  measurements  made  in  this  program  were  the  three  compo- 
nents (vertical,  longitudinal,  and  lateral)  of  the  mean  velocity  at  numerous 
locations  above  the  ramp  and  test  stand  of  the  TRESTLE  model.  This  was  ac- 
complished through  the  use  of  a specialized  three-sensor  hot-film  probe  in 
conjunction  with  three  Calspan-manufactured  constant  temperature  anemometers 
and  associated  electronics.  The  specialized  probe  (TSI  Model  No.  129-',CC-20-18) 
was  made  by  Thermo  Systems  Inc.,  St.  Paul,  Minnesota.  The  shaft  of  the  probe 
is  vertical  with  the  sensing  elements  oriented  for  use  with  flows  which  are 
primarily  horizontal.  A sketch  of  the  probe  configuration  is  shown  in 
Figure  3.  The  output  voltages  from  the  three  anemometers  were  digitized 


19 


simultaneous ly  by  three  A/D  converters  and  analyzed  on-line  by  a Hewlett- 
Packard  982SA  minicomputer.  Four  hundred  sets  of  three  digitized  samples 
were  used  for  >ach  calculation  of  velocity  components.  A Hewlett-Packard 
9862A  plotter  was  used  to  plot  the  reduced  data.  Details  of  the  hot-film 
anemometer  calibration  and  data  reduction  are  presented  in  Appendix  A. 

In  use,  the  hot-film  probe  was  mounted  in  the  ASF  traverse  system  to 
position  the  probe  tip  at  any  desired  location.  Lateral  and  vertical  lc:a- 
tions  were  indicated  by  counters  on  the  traverse  mechanism.  Axial  location 
was  indicated  by  a pointer  mounted  on  the  traverse  system  and  a tape  measure 
fixed  to  the  windows  of  the  ASF.  Parallax  in  the  tape  measure  and  pointer 
system  was  less  than  1/32  of  an  inch  (about  1.2S  feet  in  full-scale). 

The  reference  velocity,  0m  , was  measured  in  the  approximately  uniform 
flow  4 feet  above  the  ground  just  upstream  of  the  model.  A standard  pitot- 
static  probe  connected  to  an  inclined  micro- manometer  was  used  for  this  pur- 
pose. 


Smoke  for  flow  visualization  was  generated  by  passing  a small  amount 
of  nitrogen  through  a flask  containing  Titanium  Tetrachloride.  This  produced 
a dense  white  smoke  which  was  observed  visually  and  also  photographed. 


4.  MODEL  DESIGN  AND  CONSTRUCTION 


In  general,  it  is  desirable  to  select  a model  to  prototype  scale 
ratio  which  will  allow  both  the  TRESTLE  facility  and  the  local  terrain  to  fit 
on  the  88- inch  turntable  in  the  ASF.  The  upstream  approach  over  which  the 
flow  is  developed  is  then  modeled  approximately  with  random  roughness  elements 
of  the  proper  mean  height.  Such  a procedure  allows  variation  of  the  wind  di- 
rection by  rotating  the  mechanized  turntable.  The  specifications  for  the 
model  tests  required  that  all  significant  upwind  terrain  effects  for  a distance 
of  not  less  than  2000  feet  from  the  center  of  the  site  be  included  in  the 
tests.  Modeling  a radius  of  2000  feet  would  have  required  a scale  ratio  of 
1:S40  or  1-inch  equals  45  feet.  However,  it  was  possible  to  model  all  sig- 
nificant terrain  effects  by  using  a scale  ratio  of  1:480  (1-inch  » 40  feet) 
and  designing  the  model  with  the  turntable  center  slightly  to  the  west  of  the 
center  of  the  TRESTLE  site.  Coincidence  of  the  site  center  and  the  turntable 
center  is  not  a necessity  and  we  have  often  used  offsets  to  allow  use  of  the 
largest  possible  model.  Thus,  the  model  was  fabricated  at  a scale  ratio  of 
1:480.  A plan  view  of  the  area  modeled  is  presented  in  Figure  4,  The  area 
includes  the  horizontal  simulator  which  is  "he  focus  of  this  test  program, 
the  existing  excavation  for  the  vertical  simulator,  and  the  major  features  of 
the  ARES  site.  The  model  is  shown  in  Figure  2 installed  on  the  turntable  m 
the  ASF. 


The  terrain  model  was  made  from  plywood  sheets  laminated  together  to 
provide  elevation  contours  every  ten  feet  except  in  the  immediate  vicinity  of 
the  TRESTLE  horizontal  simulator.  In  this  region,  the  excavation  and  land- 
scaping were  held  as  close  to  the  drawing  dimensions  as  possible.  Contour 
maps  at  the  proper  scale  were  made  by  photographically  enlarging  the  appro- 
priate sections  of  the  drawings  supplied  by  the  government.  The  photographic 
results  were  then  reproduced  on  Bruning  Copiers.  The  inexpensive  Bruning 
copies  were  used  to  lay  out  the  complete  terrain  model.  Moreover,  before 
the  model  was  painted,  the  copies  also  provided  outlines  for  accurately  lo- 
cating the  elements  of  the  TRESTLE  model  and  other  structures  in  the  vicinity. 
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MODEL  SCALE  ■ 1 480  < 1 1N  - 40FT) 

Figure  4.  Plan  View  of  Trestle  Facility  and  Surrounding  Area 
Modeled  on  ASF  Turntable 


Modeling  of  the  ground  elevations  incurred  changes  in  height  at  the 
edge  of  the  turntable  which  made  it  necessary  to  provide  a smooth  junction 
between  the  upstream  edge  of  the  turntable  and  the  ground  upstream  of  the 
turntable.  This  was  accomplished  by  mounting  the  upstream  ground  on  an  ad- 
justable ramp  frame  which  can  be  warped  to  match  the  edge  of  the  turntable. 

An  example  of  this  can  be  seen  in  Figure  2,  where  the  ramp  has  been  adjusted 
to  provide  a good  match  between  the  upstream  ground  and  the  front  edge  of  the 


turntable.  For  other  orientations  of  the  turntable,  the  ramp  was  readjusted 
to  provide  a similar  match.  It  was  not  necessary  to  match  the  downstream 
edge  of  the  turntable  with  the  ASF  flooring  since  a moderate  _isc  ntinuity 
at  this  location  will  not  affect  the  flow  behavior  in  the  vicinity  of  the 
TRESTLE  model. 


In  addition  to  the  excavation  in  the  terrain  model,  the  TRESTLE 
facility  model  contains  three  other  major  features  which  were  modeled.  These 
are: 


1.  The  test  platform  and  ramp  and  their  support  structure. 

2.  The  transmission  line  support  cables  and  support  tower. 

3.  The  central  ground  plane  wedge  structure. 


The  above  items  are  shown  in  Figure  S.  The  support  structures,  the  transmis- 
sion lines,  and  the  ground  plane  wedge  are  all  porous  mesh-type  structures. 
Because  of  the  small  scale  of  the  model,  it  was  neither  practical  nor  correct 
to  use  exact  geometric  modeling  of  these  elements.  Instead,  the  geometric 
outlines  of  these  structures  and  the  loss  characteristics  of  the  flow  passing 
through  them  were  modeled.  The  loss  characteristics  of  the  full-scale  porous 
structures  were  estimated  from  their  mesh  geometry  (mainly  their  porosity). 
The  support  structure  under  the  ramp  and  test  stand  was  modeled  with  expanded 
aluminum  mesh  with  a porosity  very  close  to  the  porosity  of  the  full-scale 
wooden  frame  support  structure  (bents).  The  model  mesh  was  assembled  in  a 
three-dimensional  array  similar  to  the  actual  structure.  (See  Figure  S and 
the  close-up  view  in  Figure  6.)  The  full-scale  wire  mesh  structure  on  the 
transmission  lines  has  a porosity  close  to  99  percent.  This  is  completely 
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transparent  to  the  wind.  Thus,  only  the  support  cables  on  the  transmission 
lines  were  modeled.  Similarly,  on  the  central  ground  plane  wedge  the 
majority  of  the  full-scale  wire  mesh  is  about  99  percent  porous  and  was  not 
modeled.  Instead,  the  support  structure  for  the  wedge  was  modeled  along  with 
any  solid  blockages  and  the  lower  porosity  (4M  x 4")  sections  of  full-scale 
wire  mesh. 

As  described  in  Section  3.1  and  at  the  start  of  this  section,  the 
flow  approaching  the  turntable  model  is  developed  over  a length  of  ground 
covered  with  random  roughness  elements  of  the  proper  mean  height.  The  full- 
scale  approach  to  the  TRESTLE  facility  is  relatively  flat  and  unobstructed 
for  a mile  or  more  in  all  wind  directions.  The  city  of  Albuquerque  lies 
farther  away  to  the  North,  with  mountains  even  farther  away  to  the  East, 
running  North-South.  The  local  wind  characteristics  in  the  immediate 
vicinity  of  the  TRESTLE  facility  will  not  be  measurably  affected  by  the 
mountains.  Moreover,  Albuquerque  should  have  a negligible  effect  on  the 
local  flow  characteristics  since  the  low  altitude  winds  adjust  rapidly  to 
changes  in  the  terrain  roughness.  In  the  model,  the  approaching  flow  was 
generated  by  allowing  it  to  develop  over  a 36  foot  length  of  randomly  dis- 
tributed wooden  blocks  followed  by  12  feet  of  gravel.  Mean  velocity  profiles 
for  each  of  these  roughness  distributions  when  used  alone  are  shown  in  Figure  7. 
The  combination  of  the  two  rough  grounds  provided  a mean  velocity  profile 
similar  to  that  obtained  with  the  gravel  alone  (Figure  7).  Such  a profile  is 
typical  of  relatively  flat  open  country. 
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Figure  7.  Mean  Velocity  Profiles  In  Approaching  Flow 
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5.  WIND  TUNNEL  TESTS 


The  wind  tunnel  tests  are  presented  in  five  parts.  Mean  velocity 
profiles  measured  at  the  location  of  the  meteorological  station  on  the  model 
are  presented  in  5.1.  Flow  visualization  studies  are  discussed  in  5.2. 

Section  5.3  presents  the  results  of  a study  to  investigate  the  effect  of  the 
transmission  line  support  cables  on  the  flow  over  the  ramp  and  test  stand.  A 
comparison  of  dimensionless  velocity  profiles  measured  with  two  different 
reference  wind  velocities  is  presented  in  5.4.  Finally,  the  wind  velocities 
measured  above  the  TRESTLE  model  test  stand  and  ramp  are  presented  in  5.5. 

5.1  WIND  CONDITIONS  AT  METEOROLOGICAL  TOWER 

One  of  the  problems  encountered  in  interpreting  model  test  data,  or 
for  that  matter  full  scale  data,  is  the  selection  of  a location  for  measuring 
the  mean  wind  velocity.  In  full  scale  these  are  usually  measured  at  meteoro- 
logical stations  which  may  be  remote  from  the  area  of  interest.  Moreover, 
the  anemometers  are  located  at  low  altitudes,  typically  about  100  feet  or 
less  above  local  ground  level.  The  measured  wind  velocities  can  be  influenced 
by  the  local  terrain  as  well  as  the  height  above  ground.  In  the  ASF,  the  pos- 
sibility of  local  terrain  influences  on  the  reference  wind  velocity  is  avoided 
by  selecting  a measuring  location  well  above  the  terrain,  in  this  case  at  a 
model  height  of  4 feet  or  an  effective  full  scale  height  of  1920  feet  above 
the  ground.  However,  this  reference  velocity  is  still  required  to  have  a 
known  relationship  with  some  full-scale  meteorological  station.  Such  a re- 
lationship can  be  found  from  mean  velocity  profiles  measured  above  the  model. 

A full-scale  meteorological  tower  for  monitoring  winds  near  the 
TRESTLE  facility  will  be  located  in  a relatively  flat  area  almost  due  north 
of  the  facility  test  stand.  The  winds  will  be  measured  at  a height  of  10 
meters  above  local  ground  level.  In  the  model  tests,  velocity  profiles  were 
measured  at  the  approximate  location  of  this  tower.  The  location  on  the  model 
is  shown  in  Figure  4.  Velocity  profiles  were  measured  for  six  different  wind 
directions,  three  with  the  meteorological  station  located  upwind  of  the  test 
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stand  (335,  005,  and  03S  degrees)  and  three  with  the  station  located  downwind 
(155,  185,  and  215  degrees).  The  results  of  these  measurements  are  shown 
in  Figures  8 and  9.  The  velocities  shown  in  these  figures  have  been  made 
dimensionless  by  dividing  by  the  reference  velocity,  , measured  at  a 
model  height  of  four  feet. 


With  the  meteorological  station  upwind  (Figure  8),  the  velocity  pro- 
files are  similar  for  wind  directions  of  5 degrees  and  35  degrees.  The  ve- 
locities measured  for  a wind  direction  of  335  degrees  are  slightly  lower  at 
all  heights.  The  latter  result  may  be  caused  by  proximity  of  the  wind  tunnel 
wall  because  in  this  case  the  meteorological  station  was  closer  to  the  tunnel 
rear  side  wall  than  for  any  of  the  other  wind  directions.  With  the  meteoro- 
logical station  downwind  of  the  TRESTLE  model  (Figure  9),  the  three  velocity 
profiles  are  similar  at  model  heights  above  about  3 inches.  Below  this  height, 
the  three  profiles  differ  because  of  direction  sensitive  terrain  differences 
just  upwind  of  the  measuring  station.  The  highest  velocities  near  the  ground 
were  obtained  for  a wind  direction  of  155  degrees.  With  this  wind  direction, 
the  ARES  Site  (Figure  4)  is  just  upwind  of  the  measuring  station  and  the 
terrain  is  very  rough  before  it  levels  out.  Apparently  this  rough  local  ter- 
rains distorts  the  velocity  profile  near  the  ground. 

A full-scale  height  of  10  meters  is  shown  on  Figures  8 and  9.  As 
mentioned  previously,  this  is  the  height  at  which  it  is  planned  to  monitor 
the  full-scale  wind  velocities.  For  wind  directions  of  005,  035,  and  185 
degrees  the  velocity  at  this  height  is  0.55  times  the  tunnel  reference  velocity, 
U*  . For  wind  directions  of  155,  215  and  335  degrees  the  velocity  ratios 
at  10  meters  full-scale  are  approximately  0.62,  0.60,  and  0.51  respectively. 

It  was  not  possible  to  measure  the  velocity  ratios  at  10  meters  for  other  wind 
directions  because  the  location  of  the  meteorological  station  was  too  close 
to  the  wind  tunnel  walls.  However,  it  is  believed  that  the  observed  range  of 
values  0.55  to  0.62  (the  measured  value  0.51  is  discounted  because  of  possible 
wall  proximity  effects)  is  representative  of  the  full-scale  wind  velocity  that 
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Figure  8.  Mean  Velocity  Profiles  at  Meteorological  Station 
With  Station  Upwind  of  TRESTLE  Model 
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Figure  9.  Mean  Velocity  Profiles  at  Meteorological  Station 
With  Station  Downwind  of  TRESTLE  Model 
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will  be  measured  at  a height  of  10  meters  for  all  wind  directions.  In  view 
of  this,  it  was  decided  to  choose  a single  value  of  u/l^at  the  10  meter 
height  which  would  provide  a conservative  representation  of  the  full-scale 
winds  from  any  direction.  The  value  selected  for  this  quantity  was  O.SS, 
thus  the  velocity  data  measured  for  use  in  the  subsequent  aircraft  force 
analysis  were  nondimensionalited  by  a reference  velocity  given  by 

<W  - 0.  ss  u, 

where  U*  is  the  velocity  calculated  from  the  pitot-static  pressure  measured 
at  a height  of  4 feet  above  the  model.  Selecting  the  lowest  reliable  value  for 
for  u/Um  at  10  meters  has  the  effect  of  making  the  measured  velocities  about 
the  TRESTLE  platform  appear  slightly  larger  than  they  really  are  for  those 
wind  directions  where  u/Um  at  10  meters  is  larger  than  O.SS.  Thus  for  these 
wind  directions,  the  force  estimates  will  indicate  unsafe  handling  at  a 
lower  reference  velocity  than  the  10  meter  value  at  which  it  will  actually 
occur. 


5.2  FLOW  VISUALIZATION  STUDIES 

A flow  visualization  study  was  made  at  the  start  of  the  model  tests. 
As  noted  in  Section  3.2,  the  smoke  was  generated  by  passing  nitrogen  through 
flasks  containing  small  amounts  of  Titanium  Tetrachloride.  The  mixtures  were 
then  piped  to  various  locations  on  the  model  and  the  resulting  smoke  plumes 
were  observed  visually  and  also  photographed.  Although  some  visual  observa- 
tions of  the  smoke  from  a single  hand-held  wand  were  made,  the  majority  of 
the  study  was  performed  with  an  arrangement  of  twelve  smal i uiameter  tubes 
inserted  through  the  base  of  the  model  and  outlining  the  model  ramp  and  test 
stand.  The  tubes  could  be  moved  up  or  down  to  place  their  exits  above  or 
below  the  top  surface  of  the  ramp  and  test  stand.  Side  view  and  overhead 
view  photographs  of  the  smoke  plumes  were  taken  for  twelve  wind  directions 
with  the  tubes  at  several  heights  for  each  wind  direction.  In  all,  more  than 
300  photographs  were  taken. 


Since  the  flow  in  the  ASF  is  turbulent  as  in  full-sccle  winds,  the 
smoke  plumes  do  not  behave  in  the  same  fashion  as  in  aeronautical  tunnels 
where  the  plumes  provide  a good  picture  of  the  general  flow  pattern.  Instead, 
the  plumes  fluctuate  in  time  and  diffuse  rapidly  after  they  leave  the  tube 
exits.  Photographing  such  plumes  requires  very  good  lighting  and  a relatively 
fast  shutter  speed.  Typical  results  are  shown  in  Figures  10,  and  11  where 
enlarged  photographs  are  presented  for  the  smoke  plumes  obtained  with  the 
wind  approaching  from  35  degrees  and  65  degrees  respectively.  In  Figure  10 
the  smoke  tube  exits  are  level  with  the  top  of  the  TRESTLE  platform  and  in 
Figure  11  they  are  1/2  inch  (20  feet  in  full  scale)  above  the  top  of  the  plat- 
form. The  lack  of  definition  in  the  smoke  plumes  is  the  result  of  a compromise 

between  shutter  speed  and  available  lighting. 

Photographic  results  from  the  smoke  flow  visualization  studies  are 
presented  in  Figures  12  through  23  for  all  wind  directions.  In  these  photo- 
graphs the  smoke  tube  exits  were  level  with  the  upper  surface  of  the  TRESTLE 
model  platform.  Each  figure  has  two  photographs,  an  overhead  view  and  a side 
view.  The  wind  is  approaching  from  the  left  in  all  photographs.  In  most 

cases,  an  array  of  6 smoke  tubes  on  the  upwind  side  of  the  TRESTLE  ramp  and 

platform  was  used  in  the  photographs.  In  these  cases  only  one  set  of  photo- 
graphs (overhead  and  side  views)  is  presented  for  each  wind  direction.  For 
two  wind  directions,  155  and  335  degrees  (Figures  17  (a,  b,  c)  and  23  (a,  b, 
c)),  the  wind  was  parallel  to  the  TRESTLE  model  ramp.  In  these  cases,  three 
sets  of  photographs  are  presented;  one  with  the  two  upstream  smoke  tubes 
operating  (Figures  17(a)  and  23(a)),  one  with  two  of  the  midstream  tubes 
operating  (Figures  17(b)  and  23(b)),  and  one  with  the  two  downstream  tubes 
operating  (Figures  17(c)  and  23(c)). 

In  all  of  the  smoke  pictures,  the  nitrogen  flow  in  the  smoke  tubes 
was  adjusted  to  the  lowest  level  which  would  still  give  a satisfactory  amount 
of  smoke.  This  was  done  to  minimize  the  effect  of  the  initial  vertical  mo- 
mentum at  the  smoke  tube  exits.  It  is  believed  that  initial  momentum  effects 
are  negligible  in  most  of  the  photographs.  For  example,  see  the  enlarged 
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Figure  10.  Smoke  Visualization  of  Flow  over  TRESTLE  Platform 
Tor  Wind  Direction  of  35  Degrees 


lal  UPSTREAM  SMOKE  TUBES 

Figure  23.  TRESTLE  Model  Smoke  Studies,  335  Degrees  Wind 
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studies,  335  Degrees  Wind 


photograph  in  Figure  10  where  the  smoke  tube  exits  were  raised  above  the  level 
of  the  TRF.STI.E  platform.  There  appears  to  be  a negligible  amount  of  vertical 
rise  at  the  tube  exits.  Thus  those  photographs  which  show  a substantial  ver- 
tical component  at  the  tube  exits  indicate  the  true  flow  direction  at  the 
instant  that  the  photograph  was  taken.  It  is  worth  noting  that  the  smoke 
plumes  were  quite  unsteady  in  time  and  the  instantaneous  photographs  provide 
only  a rough  idea  of  the  average  flow  direction  whereas  the  long  time  inter- 
vals used  in  the  quantitative  velocity  measurements  provide  true  averages  of 
the  velocity  components. 


Overall  inspection  of  the  photographic  results  presented  in  Figures 
1J  through  03  allow  a few  general  observations  to  be  made.  The  overhead  views 
show  that  lateral  deviations  from  the  mean  flow  direction  are  relatively  small 
in  all  cases.  The  side  views  show  that  there  is  frequently  a substantial 
upwash  just  upwind  of  the  TRtSTLE  ramp  and  test  stand  and  a downwash  which  be- 
gins after  the  flow  has  partially  crossed  the  ramp  or  test  stand.  Relatively 
large  values  of  upwash  and  downwash  are  evident  in  the  side  view  of  Figure  01. 
The  smoke  tube  in  the  foreground  shows  a large  upwash  component  while  the  tube 
at  the  juncture  between  the  ramp  and  test  stand  shows  an  initial  upwash  followed 
by  a large  downwash  partway  across  the  ramp.  Visual  observations  for  this 
wind  direction  (O'F  degrees)  and  for  a wind  direction  of  35  degrees  showed 
there  was  an  intermittent  vortex  which  formed  close  to  the  platform  surface 
in  the  region  near  the  juncture  between  the  ramp  and  test  stand.  Since  this 
condition  occurred  only  occasionally  it  was  very  difficult  to  photograph. 

Figure  is  the  closest  wo  c.imc  to  capturing  ih.i»  phenomenon  on  film.  With 
the  flow  parallel  to  the  ramp  (155  and  335  degrees),  there  was  very  little 
evidence  of  consistent  directional  changes  from  the  mean  wind.  There  did 
appear  to  be  a fairly  steady  upwash  near  the  juncture  between  the  ramp  and 
downstream  edge  of  the  excavation  for  a wind  direction  of  155  degrees.  This 
can  be  seen  in  the  side  viev  of  Figure  17(c).  The  apparent  upwash  in 
Figure  P(b)  is  an  instantaneous  result  generated  in  the  turbulent  wake  from 
the  ground  pla  r .-edge  structure.  The  flow  in  this  region  was  generally 
quite  turbulent  and  the  average  velocity  was  low.  The  high  level  of  turbulence 
is  Indicated  by  the  rapid  diffusion  of  the  smoke  plumes,  especially  apparent 
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in  the  overhead  view  of  Figure  17(b).  In  contrast,  the  overhead  view  in 
Figure  17(c)  shows  much  less  diffusion  of  the  smoke  plumes. 

The  smoke  visualization  study  showed  that  there  was  considerable 
variation  in  the  flow  over  the  TRESTLE  platform  with  the  largest  deviations 
from  the  mean  flow  occurring  near  the  upstream  edges  of  the  ramp  and  test 
stand  and  additional  deviations  occurring  near  the  juncture  between  the  ramp 
and  excavation  for  southerly  winds.  A grid  of  test  points  for  the  velocity 
surveys  was  selected  with  these  flow  features  in  mind.  The  grid  arrangement 
is  presented  in  Figure  24  superimposed  on  an  outline  of  the  TRESTLE  platform. 
In  selecting  the  grid  pattern  there  were  two  other  requirements  to  consider 
in  addition  to  the  smoke  visualization  results.  First,  a regularly  spaced 
grid  pattern  was  required  to  facilitate  rapid  location  changes  of  the  hot-film 
probe  and  ease  of  interpolating  the  test  results.  Second,  the  number  of 
grid  points  should  be  minimized  to  keep  the  test  program  within  reasonable 
limits.  The  final  pattern  selected  contained  58  points  at  which  vertical 
surveys  of  the  velocity  were  made.  The  survey  points  are  identified  in  the 
following  discussions  in  terms  of  their  full-scale  coordinates  in  the  TRESTLE 
coordinate  system.  Th'*  coordinate  system  is  indicated  in  Figure  24. 

5.3  EFFECT  OF  TRANSMISSION  LINE  SUPPORT  CABLES 


After  selecting  the  grid  pattern  to  be  used  in  the  velocity  surveys 
above  the  TRESTLE  platform,  it  was  determined  that  the  transmission  line  sup- 
port cables  would  interfere  with  the  hot-film  probe  at  a number  of  the  test 
points  on  the  grid.  Thus  it  was  decided  to  perform  a brief  study  to  see  if 
the  support  cables  had  a significant  influence  on  the  flow  in  the  region  of 
the  planned  measurements.  The  study  consisted  of  measuring  velocity  profiles 
at  several  locations  downwind  of  the  support  cables  and  then  removing  the 
cables  and  repeating  the  velocity  surveys.  A wind  direction  of  305  degrees 
was  used  for  this  study  and  the  velocity  surveys  were  made  at  three  locations 
on  the  test  grid  shown  in  Figure  24.  The  (X,  Y)  coordinates  of  these  loca- 
tions were  (-64,  0),  (22,  -50),  and  (280,  -100).  It  is  believed  that  the 
wind  direction  and  test  locations  chosen  for  this  study  represent  a worst  case 
for  flow  distortion  from  the  support  cables. 


54 


Each 


The  results  of  the  study  are  shown  in  Figures  25,  26  and  27. 
figure  shows  two  velocity  profiles,  one  measured  with  the  support  cables 
present  and  one  with  the  cables  removed  for  a given  grid  location.  The 
measured  velocities  have  been  nondimensionalired  by  dividing  by  the  wind 
tunnel  reference  velocity,  . The  figures  also  show  a dashed  line  to 
indicate  a full-scale  height  of  66  feet  above  the  TRESTLE  platform.  This 
is  the  maximum  height  of  interest  for  the  subsequent  flow  surveys  to  deter- 
mine the  forces  on  aircraft. 

Inspection  of  Figures  25  and  26  shows  that  there  is  a measurable 
velocity  defect  in  the  wake  from  the  support  cables.  As  expected,  the  largest 
defect  is  in  the  region  where  the  cables  are  closest  together  (Figure  25). 
However,  in  these  two  figures  the  defect  occurs  at  or  above  the  66  foot  level. 
The  data  in  Figure  27  indicate  a slightly  lower  velocity  with  the  cables 
present  over  a height  range  from  0 to  above  400  feet  full-scale.  It  is  un- 
likely that  the  apparent  velocity  defect  is  due  solely  to  the  transmission 
line  support  cables  since  they  have  a high  porosity  in  this  region  and  only 
extend  to  a maximum  full-scale  height  of  about  140  feet  above  the  platform. 

Some  of  the  apparent  velocity  defect  may  be  due  to  experimental  accuracy 
which  is  expected  to  be  within  approximately  S percent  for  the  hot-film 
measurements.  In  any  event,  the  data  in  Figures  2S  through  27  show  that  the 
effect  of  the  support  cables  is  not  large  and  in  all  cases  creates  a uefect 
in  velocity.  Thus,  it  was  decided  to  remove  the  support  cables  for  tho  re- 
mainder of  the  tests  so  that  the  velocity  surveys  could  be  made  at  all  of 
the  selected  grid  points. 

5.4  TESTS  WITH  DIFFERENT  WIND  VELOCITIES 

As  stated  in  Section  2,  it  is  only  necessary  to  measure  the  flow 
field  for  one  value  of  the  reference  velocity,  U^p.  The  dimensionless  ve- 
locity profiles  will  be  independent  of  the  magnitude  of  the  reference  ve- 
locity. The  independence  of  the  dimensionless  velocity  profiles  is  illustrated 
in  Figures  28  and  29.  Figure  28  compares  dimensionless  axial  velocity  pro- 
files for  two  values  of  UREp  (10.0  and  19.4  ft/ sec)  at  a location  upstream 
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MAXIMUM  HEIGHT  FOR  FLOW  SURVEYS  ~ 
[66  FEET  (20.1  FULL-SCALE] 
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+ RUN  NO.  8.00  SUPPORT  CABLES  PRESENT 

a RUN  NO.  12.00  SUPPORT  CABLES  REMOVED 


Figure  25;  Effect  of  Transmission  Line  Support  Cables,  305  Degrees  Wind  Angle, 
Test  Location;  X = - 64  ft,  Y * 0 ft. 
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0.0  0.1  0.2  0.3  0.H  0.S  0.0  0.7  0.0  0.3  1.0 

U/Uw 


+ RUN  NO.  10  SUPPORT  CABLES  PRESENT 
□ RUN  NO.  13  SUPPORT  CABLES  REMOVED 

Figure  26.  Effect  of  Transmission  Line  Support  Cables,  305  Degrees  Wind  Angle, 
Test  Location;  X « 22  ft,  Y « - 50  ft. 
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+ RUN  NO.  11.00  SUPPORT  CABLES  PRESENT 
□ RUN  NO.  14.00  SUPPORT  CABLES  REMOVED 

Figure  27.  Effect  of  Transmission  Line  Support  Cables,  305  Degrees  Wind  Angle, 
Test  Location;  X - 280  ft,  Y *=  - 100  ft. 
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Figure  28.  Effect  of  Different  Wind  Velocities,  Wind  Angle  65  Degrees,  Survey 
Upstream  of  Ramp 
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FULL-SCALE  HEIGHT  IN  FEET  ABOVE  PLATFORM 
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Figure  29.  Effect  of  Different  Wind  Velocities,  Wind  Angle  65  Degree,  Survey 
Downstream  of  Ramp. 
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of  the  ramp  with  the  wind  approaching  perpendicular  to  the  ramp  centerline. 
Figure  29  compares  similar  axial  velocity  profiles  measured  just  downstream 
of  the  ramp.  Both  figures  also  contain  a short  table  of  dimensionless  lateral 
and  vertical  velocity  components  measured  at  the  same  time  as  the  axial 
components. 


The  portion  of  the  axial  velocity  profiles  above  the  platform  sur- 
face show  excellent  agreement  (to  within  5 percent  or  better).  Below  the  plat- 
form surface,  the  axial  velocity  profiles  display  a small  but  consistent 
difference.  In  this  region,  the  profiles  measured  with  URFF  « 19.4  feet  per 
second  show  dimensionless  velocities  which  are  about  10  percent  higher  than 
those  measured  with  LLC_  ■ 10.0  feet  per  second.  This  may  be  evidence  of  a 
small  Reynolds  number  effect  on  the  flow  through  the  porous  understructure 
of  the  ramp.  At  low  velocities,  the  drag  coefficient  of  the  porous  structure 
will  increase  as  the  velocity  decreases.  Thus  one  would  expect  the  dimen- 
sionless profiles  to  display  the  trend  which  is  shown  by  the  data.  However, 
the  effect  is  not  large  and  does  not  appear  to  influence  the  data  in  the  re- 
gion of  interest,  namely  the  velocity  profiles  measured  above  the  ramp  sur- 
face. The  tabulated  results  for  the  lateral  and  vertical  velocity  components 
show  that  these  components  are  also  independent  of  the  value  of  URFp.  The 
largest  difference  observed  in  either  V/URFF  or  W/UREF  was  0.04  and  most  of 
the  data  agreed  to  within  better  than  this  value.  Such  results  are  within 
the  accuracy  of  the  hot-film  measurements.  Thus  it  is  concluded  that  velocity 
surveys  measured  at  a single  value  cf  'JREF  will  be  representative  of  all 
wind  velocities.  The  value  of  UREF  selected  to  be  used  for  the  major  portion 
of  the  flow  field  surveys  was  approximately  19.5  feet  per  second  or  a tunnel 
reference  velocity  (L*  55.5  feet  per  second  (See  Section  5.1). 


5.5 


WIND  PATTERNS  ABOVE  TRESTLE  TEST  STAND  AND  RAMP 


Following  the  flow  visualization  studies  and  preliminary  velocity 
surveys,  quantitative  measurements  of  the  mean  velocity  components  were  made 
for  each  of  twelve  wind  directions.  Since  the  major  axis  of  the  ramp  on  the 
TRESTLE  facility  lies  parallel  to  a direction  25  degrees  from  north  (i.e., 
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335  degrees),  the  twelve  wind  directions  tested  were  335,  005,  03S,  065, 

095,  125,  155,  185,  215,  245,  2'5,  and  305  degrees.  For  each  wind  direction, 
vertical  traverses  were  aade  at  the  58  grid  points  shown  in  Figure  24.  Each 
traverse  consisted  of  measuring  the  longitudinal,  U,  lateral,  V,  and  vertical, 
K,  mean  velocity  components  at  five  different  heights.  The  heights  used  for 
each  traverse  were  0.25,  0.45,  0.75,  1.15,  and  1.65  inches  above  the  surface 
of  the  TRESTLE  model  platform.  This  corresponds  to  full-scale  heights  of 
10,  18,30,  46,  and  66  feet.  The  lowest  height  was  governed  by  the  minimum 
safe  distance  that  the  hot-film  probe  could  approach  the  TRESTLE  model  plat- 
form. The  maximum  height  (66  feet  or  20.1  meters  full-scale)  was  chosen  to 
correspond  to  the  20  meter  height  called  for  in  the  specifications  for  this 
program. 


The  mean  velocity  components  were  measured  in  a wind-axis  or  tunnel 
axis  coordinate  system.  A sample  of  the  results  is  shown  in  Figure  30,  a 
through  e,  for  a wind  direction  of  275  degrees.  Each  part  of  this  figure  (a 
through  e)  shows  the  velocities  measured  at  a different  height,  2,  above 
the  test  stand  and  ramp  surface.  The  wind  direction  is  listed  numerically 
and  also  shown  by  an  arrow  at  the  bottom  of  the  page.  The  mean  velocities 
at  each  station  are  listed  in  a vertical  column  with  three  numbers.  The 
numbers  are  in  order  from  the  top,  the  mean  horizontal  coiq)onent,  U,  in  the 
wind  direction  (positive  in  the  direction  of  the  arrow),  the  mean  horizontal 
component,  V,  perpendicular  to  the  wind  direction  (positive  to  the  left  when 
looking  in  the  direction  of  the  arrow),  and  the  mean  vertical  component,  IV, 
(positive  upwards) , Each  component  has  been  normalized  by  the  mean  wind 
velocity,  UREp,  at  the  meteorological  station  at  a height  10  meters  above 
local  ground  level.  A complete  set  of  data  for  all  wind  directions  is  pre- 
sented in  Appendix  B. 

The  velocity  components  shown  in  Figure  30  can  be  compared  to  the  flow 
visualization  results  presented  in  Section  5.2  and  Figure  21  for  this  wind 
direction.  The  flow  visualization  study  indicated  that  there  was  an  upwash 
just  upwind  of  the  TRESTLE  ramp  and  test  stand  and  a downwash  after  the  flow 
has  partial 1>  crossed  the  ramp  or  test  stand.  The  downwash  was  most  evident 
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Figure  30.  (Cont.)  Mean  Velocity  Components  Above  TRESTLE 

Platform  (Wind  Axis  Coordinates) 
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Figure  30.  (Cont.)  Mean  Velocity  Components  Above  TRESTLE 

Platform  (Wind  Axis  Coordinates) 
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at  low  heights  near  the  juncture  between  the  ramp  and  test  stand.  Inspection 
of  Figure  30  provides  similar  results  on  a numerical  basis.  There  is  a gen- 
eral upwash  field  upwind  of  the  ramp  and  test  stand  which  intensifies  as  the 
ramp  or  test  stand  is  approached.  Moreover,  there  is  a downwash  field  at 
low  heights  after  the  upstream  edge  of  the  platform  has  been  traversed  by 
the  flow.  The  largest  downwash  occurs  at  a height  of  10  feet  (Figure  30(a)) 
in  the  vicinity  of  the  juncture  between  the  ramp  and  test  stand.  There  were 
other  similarities  between  the  smoke  pictures  and  the  numerical  results. 

For  instance,  with  a wind  direction  of  155  degrees,  the  numerical  data  con- 
firmed the  presence  of  an  upwash  near  the  juncture  between  the  ramp  and 
downstream  edge  of  the  excavation. 

In  addition  to  similarities  between  the  smoke  and  quantitative  re- 
sults, the  latter  provided  information  not  apparent  from  the  smoke  studies. 
One  such  result  is  the  acceleration  of  the  flow  as  it  crosses  the  ramp  and 
test  stand.  This  is  most  apparent  in  Figures  30,  b through  e where  the  nor- 
malized longitudinal,  U,  component  of  velocity  increased  by  as  much  as  20 
percent  as  it  crossed  the  ramp  centerline.  Similar  accelerations  were  ob- 
served for  other  wind  directions  with  the  flow  approaching  from  either  side 
of  the  ramp  centerline.  Such  accelerations  are  important  in  determining  the 
side  forces  on  the  tail  and  fuselage  of  aircraft  situated  on  the  ramp  and 
test  stand.  Moreover,  the  unsymmetrical  upwash  and  downwash  fields  play  a 
major  role  in  determining  rolling  moments  on  the  aircraft. 

As  noted  in  the  next  section,  the  mean  velocity  components  measured 
in  the  wind  axis  coordinate  system  were  converted  to  components  (Ux>  U^,  UJ 
parallel  to  the  TRESTLE  axis  system  (X,  Y,  2)  shown  in  Figure  24.  A set  of 
crossflow  velocity  vectors,  U „ were  prepared  to  aid  in  visualizing  the 
flow  field  above  the  TRESTLE  platform.  A sample  of  computer  plots  of  these 
vectors  is  presented  in  Figure  31  for  a wind  direction  of  275  degrees.  A 
complete  set  of  crossflow  plots  for  all  wind  directions  is  presented  in 
Appendix  C. 


Figure  31.  (Cont)  Mean  Crossflow  Velocity  Vectors,  Uy  2 in  Vertical  Planes  Above 

TRESTLE  Platform,  275  Degree  Wind  ’ 
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In  Figure  31  (and  Appendix  C),  ^ach  vector  U is  composed  of  the 

y * 2 

lateral  wind  velocity,  U , and  the  vertical  wind  velocity,  U^.  The  axial 

y z 

wind  component,  Ux«  along  the  TRESTLE  axis  is  not  shown  in  these  plots. 

Figure  31  contains  10  different  plots  showing  the  velocity  vectors  in  vertical 
planes  at  the  ten  axial,  (X),  locations  which  were  tested.  The  appropriate 
vertical  cross-section  of  the  test  stand,  ramp,  or  local  ground  contour  is 
shown  schematically  below  each  plot.  The  wind  direction  (275  degrees)  is 
listed  on  each  page  of  Figure  31  and  is  also  shown  schematically  beside  each 
of  the  ten  vertical  planes.  All  velocity  vectors  have  been  normalized  by  the 
10  meter  reference  velocity,  UREp.  A velocity  scale  showing  U s 1 

is  provided  on  each  page  of  Figure  31. 

Figure  31  displays  visually  the  upwash  and  downwash  fields  noted  in 
the  discussion  of  Figure  30.  The  vector  plot  for  X * 366  feet  is  at  the 
measuring  location  closest  to  the  juncture  between  the  ramp  and  test  stand. 

For  this  value  of  X,  note  the  gradually  increasing  upwash  at  low  levels  as 
the  wind  approaches  the  ramp  followed  by  a relatively  large  downwash  over 
the  ramp  centerline  aJ;  Z =»  10  feet.  There  is  also  a small  downwash  at  2 * 10 
feet  after  the  flow  has  crossed  the  ramp.  At  the  upstream  edge  of  the  test 
stand  (X  = 452  and  53S  feet,  Y = -100  feet)  there  is  a very  large  upwash  right 
at  the  test  stand  edge  followed  by  a downwash  at  Y = -50  feet.  It  is  believed 
that  the  results  obtained  at  the  upstream  edge  of  the  test  stand  indicate  the 
presence  of  a bubble  of  separated  flow  at  the  edge  of  the  ramp  which  reat- 
taches a short  distance  downwind.  Similar  results  were  obtained  for  most  of 
the  other  cross-wind  vector  plots  (Sec  Appendix  C)  when  the  wind  was  not 
parallel  to  the  ramp  --enterline. 

A general  inspection  of  all  the  cross-wind  vector  plots  showed  that 
the  cross-wind  flows  were  highly  nonuniform  for  wind  directions  which  were 
not  parallel  to  the  ramp  centerline.  These  nonuniform  flow  results  were  used 
in  the  computer  program  to  predict  the  forces  on  aircraft  situated  on  the  ramp 
and  test  stand  of  the  TRESTLE  facility.  In  addition,  the  velocity  data  indi- 
cated the  presence  of  nonuniform  flows  over  the  access  road  at  the  entry  end 
of  the  TRESTLE  ramp.  Thus  the  forces  on  aircraft  situated  on  this  access  road 
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were  included  in  the  computer  force  analysis.  The  aircraft  force  analysis 
and  its  results  are  presented  in  the  next  section. 


75 


6.  AIRCRAFT  FORCE  ANALYSIS 


6.1  GENERAL  DESCRIPTION 

Aircraft  being  towed  onto  and  tested  on  the  TRESTLE  facility  are 
subject  to  a variety  of  unconventional  wind  loads.  It  was  considered  unlikely 
that  lift-off  would  occur  since  this  would  require  wind  velocities  approaching 
take-off  speed  of  the  aircraft  (generally  in  excess  of  100  knots).  However 
it  was  considered  possible  that  the  wind  might  produce  forces  that  could  not 
be  completely  reacted  by  the  aircraft  landing  gear  or  towing  vehicle.  This 
situation  could  cause  sliding,  tilting  or  weather-vaning  motions  of  the  air- 
craft and  result  in  damage  to  either  the  aircraft  or  TRESTLE  facility. 

computer  program  was  developed  to  determine  the  reactions  between 
the  aircraft  landing  gear  and  the  TRESTLE  facility  for  various  wind  conditions 
and  various  aircraft  positions  on  the  facility.  The  aircraft  are  considered 
stationary  on  the  facility  and  the  analysis  used  is  steady  state  in  the  sense 
that  dynamic  effects  that  might  be  imposed  by  runway  roughness  or  high  frequen^ 
cy  wind  turbulence  have  not  been  considered.  The  program  is  essentially 
broken  into  two  parts.  The  first  part  of  the  program  takes  the  wind  velocity 
field  as  measured  in  the  wind  tunnel  tests  and  uses  a strip  theory  approach 
to  estimate  the  aerodynamic  forces  and  moments  acting  upon  the  aircraft.  In 
the  second  portion  of  the  program  these  aerodynamic  forces  and  moments  are 
used  as  inputs  to  a statics  problem  and  the  required  reactions  between  the 
landing  gear  and  the  facility  are  determined.  The  computer  program  was  de- 
signed to  handle  the  three  aircraft  of  primary  interest  in  this  study;  namely 
the  E-3,  E-4  and  B-52.  However,  the  computer  program  is  sufficiently  general 
that  it  will  handle  a number  of  other  aircraft  that  are  of  the  same  generic 
shape  as  those  mentioned.  (Only  the  appropriate  aircraft  geometry  is  needed 
as  input). 

The  minimum  wind  speed  at  which  a gear  slips  or  tends  to  lift  at 
any  position  on  the  ramp  has  been  taken  as  the  maximum  safe  wind  speed  for 
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operating  the  aircraft  on  the  ramp  for  a given  wind  direction.  It  was  found 
that  under  the  conditions  investigated  the  axial  force  on  the  aircraft  never 
exceeded  the  capabilities  of  the  towing  tugs.  It  may  be  possible  for  one  gear 
to  slide  or  lift  and  no  motion  of  the  aircraft  result  because  the  remaining 
gears  can  take  up  the  load  without  sliding  or  lifting.  However  these  possi- 
bilities have  not  been  analyzed.  It  was  felt  that  basing  the  safe  criteria 
on  the  lifting  or  slipping  of  a single  gear  provides  a conservative  estimate 
of  the  safe  operating  speed. 

The  remainder  of  this  section  will  describe  the  two  portions  of 
this  program  in  more  detail. 

6.2  AERODYNAMIC  FORCES  AND  MOMENTS 

An  aerodynamic  strip  theory  approach  was  chosen  as  the  most  practical 
approach  to  handle  the  non-uniform  flow  and  large  angles  of  side  slip  and 
angles  of  attack  that  are  presented  to  an  aircraft  sitting  on  the  TRESTLE 
facility.  The  analysis  is  refined  to  the  extent  that  the  major  geometrical 
features  of  the  aircraft  such  as  wing  planform  area  and  sweep  may  be  distin- 
guished, but  minor  geometrical  features  such  as  the  specific  airfoil  section 
of  the  wing  are  not  distinguishable.  A quasi-two-dimensional  strip  theory 
was  used  wherein  the  flow  over  an  aircraft  geometrical  component  was  broken 
into  components  normal  to  and  parallel  to  the  major  axis  of  each  component. 

For  the  flow  normal  to  each  component,  the  aerodynamic  forces  upon  an  elemental 
strip  or  slice  of  the  component  is  assumed  to  oe  that  force  that  acts  upon  an 
infinite  cylinder  of  the  same  cross-sectional  shape  as  the  slice,  and  wnich 
is  immersed  in  a stream  with  the  local  properties  as  measured  in  the  wind  tun- 
nel tests.  These  slices  are  taken  perpendicular  to  the  major  axis  of  each 
component  such  as  the  fuselage  longitudinal  axis  or  the  wing  quarter  chord 
line.  The  sectional  forces  were  taken  from  two-dimensional  experimental  data. 
For  the  flow  along  the  major  axis  of  each  component,  slender-wing  or  slender- 
body  theory  was  used,  as  appropriate,  to  estimate  the  forces.  The  forces  on  a 
compcnent  were  then  due  to  both  the  flow  normal  to  and  parallel  to  its  major 


axis.  Integration  of  these  forces  over  all  the  aircraft  components  and  proper 
resolution  of  these  forces  lead  to  an  estimate  of  the  total  forces  and  moments 
on  each  aircraft. 

The  major  components  of  the  aircraft  considered  in  this  analysis 
were  the  fuselage,  wings,  vertical  tail,  horizontal  tail  and  the  radome  pod 
and  its  supporting  strut  fo«*  the  E-3  aircraft.  The  engi  es  and  their  nacelles 
were  not  considered  in  the  analysis.  Each  of  the  major  aircraft  components 
will  be  discussed  in  more  detail  subsequently,  but  first  the  various 
axis  systems  used  in  the  analysis  will  be  discussed. 

There  are  two  axis  systems  employed  in  the  analysis.  The  first  axis 
system  used  is  the  wind  tunnel  axis  system.  All  of  the  wind  velocity  data 
measured  in  the  wind  tunnel  were  recorded  in  this  system.  This  system  has 
been  discussed  previously  in  this  report.  The  second  axis  system  used  is  the 
TRESTLE  axis  system.  This  axis  system  is  fixed  to  the  facility  and  is  de- 
picted in  the  following  sketch: 


The  Z axis  is  positive  ir.  the  upward  direction.  The  forces  on  the  aircraft 
are  resolved  parallel  to  these  X.Y.I  axes.  The  rolling  moments  on  the  air- 
craft are  calculated  with  respect  to  the  fuselage  center  line.  The  pitching 
and  yawing  moments  are  calculated  with  respect  to  the  nose  of  the  aircraft. 
The  sign  convention  for  forces  and  moments  on  the  aircraft  are,  however,  cho- 
sen with  respect  to  the  aircraft  according  to  the  following  rules: 

• A positive  axial  force  points  towards  the  nose  of  the  aircraft. 

• A positive  normal  force  points  upwards. 

• A positive  side  force  points  out  the  left  wing. 

• A positive  rolling  moment  tends  to  depress  the  right  wing. 

• A positive  yawing  moment  tends  to  move  the  right  wing  back. 

• A positive  pitching  moment  tends  to  raise  the  tail. 

The  velocity  measurements  in  the  wind  tunnel  axis  system  are  nor- 
malized by  the  reference  velocity  taken  at  the  10  meter  height  on  the  mete- 
orological tower.  The  data  at  the  five  heights  and  fifty-eight  stations  are 
then  resolved  into  the  TRESTLE  axis  system  and  stored  in  the  program  once  and 
for  ail.  Linear  interpolation  is  used  to  obtain  the  velocity  at  the  local 
stations  required  on  the  aircraft. 

For  ease  of  analysis  the  fuselage  was  broken  into  three  segments. 

It  was  assumed  that  the  fuselage  could  be  divided  into  a nose  section,  a 
cylindrical  mid  section  and  an  afterbody  section.  Each  section  is  assumed 
to  be  circular  in  cross  sectional  shape  and  the  nose  and  afterbody  are  also 
assumed  to  be  half  an  ellipsoid  of  revolution.  The  length  of  each  fuselage 
section  for  a particular  airplane  is  chosen  by  inspecting  the  three  view 
drawings  of  the  aircraft.  Each  portion  of  the  fuselage  is  assumed  to  see  a 
uniform  flow  under  the  conditions  that  exist  at  the  centroid  of  each  portion. 
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The  normal  force  and  side  force  on  the  nose  and  afterbody  are  assumed  to  be 

composed  of  two  components.  The  first  is  a potential  flow  part  that  Is 

estimated  from  slender  body  theory  as  2 sin  a cos  <x  5^  where  S is  the  cross- 

sectional  *.rea  of  the  body,  Oi  the  local  angle  of  attack  and  q is  the  dynamic 

pressure.  The  values  used  for  q and  oc  are  those  that  exist  at  the  centroid 

of  each  component.  This  force  is  only  applied  when  the  component  sees  a 

head  wind.  That  is  for  the  conventional  case  when  the  fuselage  nose  is  pointed 

into  the  wind,  the  nose  would  experience  this  force  but  the  afterbody  would 

not.  The  second  component  of  force  experienced  by  each  fuselage  component 

is  the  cross,  flow  drag  force  and  is  equal  to  Cpc  Rn.  Here  is  the  side 

area  of  the  component  in  the  direction  under  consideration,  q^  is  the  dynamic 

pressure  based  upon  the  velocity  normal  to  the  component  and  C.  is  the  cross 

DC 

flow  drag  coefficient  taken  to  be  equal  to  1.2  for  the  present  calculations. 
This  -is  essentially  the  drag  coefficient  for  a circular  cylinder.  For  pur- 
poses of  calculating  moments  the  ivrces  are  assumed  to  act  at  the  centroid  of 
each  fuselage  component.  The  fuselage  also  experiences  an  axial  force  due  to 
the  component  of  flow  along  the  axis.  This  force  has  been  estimated  using 
an  empirical  expression  given  in  Reference  7 
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Where  F^  is  the  axial  force,  1 is  the  fuselage  length,  d the  fuselage  diameter, 
qA  the  dynamic  pressure  based  upon  the  axial  velocity  component,  AJ:  is  the 
maximum  cross  section  area  of  the  fuselage  and  C{.  is  the  skin  friction  coef- 
ficient taken  as  .003  for  the  present  work. 


Each  wing  is  divided  into  three  panels.  The  velocity  at  the  centroid 
of  each  panel  is  resolved  into  components  perpendicular  and  parallel  to  the 
quarter  chord  of  the  wing.  For  the  two  inboard  panels  on  each  wing  the  flow 
normal  to  the  quarter  chord  is  assumed  to  be  two  dimensional.  The  angle  of 


7.  Hoerner,  S.F.  Fluid  Dynamic  Drag  Published  by  the  author  1965 
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attack  of  each  panel  is  calculated  from  the  velocity  normal  to  the  leading 
edge  and  the  Z component  of  velocity  at  the  centroid  of  each  panel.  The  lift 
coefficient  and  drag  coefficient  of  each  panel  is  then  taken  to  be  that  of  an 
NACA  00 i:  airfoil  as  given  in  Reference  8.  This  airfoil  section  was  used 
since  it  i»  the  only  section  that  has  been  tested  through  the  complete  angle 
of  attack  range  and  this  airfoil  is  not  too  different  from  those  used  on  the 
actual  aircraft.  The  lift  coefficient  and  drag  coefficient  as  a function  of 
angle  of  attack  for  this  airfoil  have  been  built  into  the  computer  program. 

The  angle  of  attack  for  the  wing  tip  panels  is  calculated  in  the  same  fashion 
as  the  other  two  panels,  however  the  tip  panel  is  assumed  to  have  an  elliptic 
load  variation  falling  to  no  load  at  the  tip.  In  addition  to  these  quasi-two 
dimensional  forces  the  flow  normal  to  the  quarter  chord  line  is  assumed  to 
produce  an  induced  drag.  The  induced  drag  is  generated  by  the  trailing  vortex 
system  produced  by  the  wing.  In  the  model  used  the  wing  trails  a discrete 
vortex  at  the  Juncture  of  the  wing  panels  and  a continuous  sheet  from  the 
elliptlcaliy  loaded  tips.  The  induced  drag  contribution  appropriate  for  this 
model  has  been  added  to  the  forces  on  the  wing.  The  forces  produced  by  the 
flow  norma)  to  the  quarter  chord  are  assumed  to  act  at  the  quarter  chord  of 
the  wing  when  the  normal  flow  is  from  leading  edge  to  trailing  edge.  When 
the  flow  is  from  trailing  edge  to  leading  edge  the  forces  are  assumed  to  act 
at  the  half  chord.  This  assumption  appears  consistent  with  the  moment  data 
of  Reference  8.  When  the  wing  tip  is  pointing  into  the  wind  the  wing  will 
appear  tc  have  a very  low  aspect  ratio  and  a semi  empirical  slender  wing 
theory  has  been  used  to  estimate  the  normal  force  on  the  wing  due  to  the  span- 
wise  flow.  An  average  angle  of  attack  for  the  wing  In  the  spanwise  direction 
is  calculated  from  the  spanwise  flow  component  and  Z component  of  velocity  at 
the  centroid  of  each  wing  panel.  The  normal  force  due  to  the  spanwise  flow 
is  estimated  as 


rr  fl? 


2.  Oc  ( ; + Z ft  ) where  is  the  wing  aspect 


Critros,  C,  lleyson,  11.  and  Boswinkle,  R "Aerodynamic  Character! st les 
of  NACA  00 1 : Airfoil  Section  At  Angles  of  Attack  Prom  0*  to  180°" 

NACA  TN  .V'hl,  January  1055 
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ratio  viewed  from  the  spanwise  direction, a is  the  average  angle  of  attack, 
q is  the  dynamic  pressure  based  upon  the  spanwise  velocity  component  and  A^. 
is  the  wing  area.  The  lift  from  the  spanwise  flow  is  neglected  when  the 
fuselage  is  upstream  of  the  wing  under  consideration  as  this  would  effectively 
block  the  spanwise  flow  along  the  wing. 


Each  side  of  the  horizontal  tail  is  treated  as  a single  panel.  The 
flow  over  each  panel  is  broken  into  components  normal  to  and  parallel  to  the 
quarter  chord  line  of  each  panel.  The  spanwise  flow  on  each  panel  is  treated 
as  in  the  case  for  the  wing.  For  the  normal  component  of  flow  over  each 
panel  the  angle  of  attack  is  also  computed  as  in  the  case  for  the  wing  and 
the  data  for  the  NACA  0012  airfoil  built  into  the  program  are  used  at  this 
angle  of  attack.  However  a finite  aspect  ratio  correction  as  given  in  Ref- 
erence 9 was  applied  to  the  lift  and  drag  coefficients  and  is  given  by  the 
following  expression 


C. 

a 
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Here  Cje  is  the  two  dimensional  lift  coefficient,  AR^,  is  the  aspect  ratio  as 
viewed  from  normal  to  the  quarter  chord,  and  is  the  two  dimensional  drag 
coefficient. 


The  vertical  tail  was  treated  as  a half  wing  mounted  on  c reflection 
plane.  The  wind  tunnel  tests  showed  that  there  was  generally  a very  small 
W component  of  velocity  at  the  vertical  tail  centroid.  Therefore  this  compo- 
nent was  neglected.  The  lift  coefficient  on  the  tail  is  calculated  according 

o 

to  following  formula  taken  from  Nicolai 


9. 


Nicolai,  L.M. 
Ohio.  1975 
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where  C ^ is  the  two  dimensional  lift  coefficient  (taken  from  NACA  0012 

data),  ARVT  is  the  aspect  ratio  of  the  vertical  tail  and  .A  is  the 

sweep  of  the  quarter  chord  line.  The  drag  coefficient  is 


n BRVT 


where  is  the  two  dimensional  value, 
o 

The  E-3  aircraft  has  a large  circular  radome  attached  to  the  fuselage 
by  a pair  of  struts.  For  ease  of  analysis  only  a single  strut  on  the  fuselage 
centerline  is  considered.  This  strut  is  treated  as  one  of  the  wing  panels 
and  is  assumed  to  act  in  a strictly  two  dimensional  fashion  since  it  is  end 
plated  by  the  fuselage  and  the  radome.  The  radome  is  treated  as  a circular 
planform  wing.  The  local  velocities  for  computing  the  forces  on  the  radome 
are  taken  as  those  at  its  center.  The  following  expressions  for  lift  and 
drag  coefficient  for  the  pod  were  used: 

= 1 -8  ( 1 *■  2 l L'n  ol  I ) Coo  Ol 


* X Cp  + Cj  "tas*  ol 

Here  a is  the  angle  calculated  from  the  local  velocities,  and  Cc  is  the  skin 

r 

friction  coefficient.  In  the  expression  for  the  constant  1.8  factor  is 
the  theoretical  If  ft  curve  slope  for  the  potential  flow  about  a circular 
planform  wing  as  given  in  Reference  10. 


10.  Thwaites,  B.  Editor  Incompressible  Aerodynamics  Oxford  Press 
1960 
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A compilation  of  the  required  geometrical  data,  the  aerodynamic  force 
and  moment  quantities  calculated  by  the  computer  program  and  the  symbol  used 
for  each  quantity  are  given  in  Appendix  D. 

6.3  STATICS  PROBLEM 

The  aerodynamic  forces  and  moments  on  the  aircraft  are  used  as  inputs 
to  a statics  problem.  The  statics  problems  for  all  of  the  aircraft  are 
statically  indeterminate  with  different  degrees  of  redundancies  dependent 
upon  the  number  of  landing  gear.  This  fact  has  necessitated  a separate 
analysis  for  each  aircraft  depending  upon  the  number  of  landing  gears.  The 
principle  of  consistent  deflections  has  been  used  to  make  the  statics  problems 
determinate.  In  general  it  has  been  assumed  that  the  landing  gear  can  supply 
a normal  or  vertical  force  and  a side  force  parallel  to  the  axle  of  each 
gear  up  to  the  frictional  limit  between  the  wheels  and  the  ramp.  A coefficient 
of  friction  of  1.0  has  been  assumed.  Since  the  aircraft  will  generally  be 
towed,  only  the  gear  which  has  a tug  affixed  can  supply  an  axial  force.  This 
gives  a total  of  7 unknowns  in  the  problem  for  the  E-3,  9 unknowns  in  the 
problem  for  the  B-S2  and  11  unknowns  in  the  problem  for  the  E-4.  Since  there 
are  only  six  equations  available  from  requiring  equilibrium  of  the  total 
forces  and  moments  on  the  aircraft  each  problem  is  statically  indeterminate. 

The  equations  required  to  make  the  problem  determinate  in  each  case  are  ob- 
tained by  considering  the  elastic  deflections  of  the  aircraft  and  equating 
these  deflections  to  zero  at  the  appropriate  landing  gear  locations.  In  order 
to  calculate  these  elastic  deflections  the  aircraft  structure  has  been  ide- 
alized to  consist  of  beams  with  uniform  structural  properties.  This  assump- 
tion allows  the  problem  to  be  solved  without  detailed  knowledge  of  the 
structural  stiffness  of  each  aircraft.  The  analysis  for  each  aircraft  will 
be  discussed  separately. 

For  the  case  of  the  E-3  aircraft  it  is  sufficient  to  consider  the 
fuselage  as  a beam  supported  by  the  landing  gear.  The  main  gear  can  supply 
a vertical  force,  a lateral  horizontal  force  and  a resistance  to  rolling 
moments.  The  nose  gear  can  supply  a vertical  force  , a lateral  horizontal 


84 


?**V  - 


force  and  an  axial  horiiontal  force  since  the  tug  will  be  affixed  to  it. 

The  nose  gear  also  supplies  a rolling  moment  proportional  to  its  side  force. 
The  beam  with  its  reactive  forces  is  depicted  in  the  following  sketch. 


The  aerodynamic  forces  applied  in  the  X,  Y and  2 directions  are 
designated  as  FXA,  FYA  and  FZA  respectively.  The  applied  aerodynamic  rolling 
moment  about  the  fuselage  centerline  is  designated  as  MXA,  the  applied  aero- 
dynamic yawing  moment  about  the  nose  is  designated  as  MZA  and  the  applied 
aerodynamic  pitching  moment  about  the  nose  is  designated  as  MYA. 

Requiring  the  equilibrumm  of  forces  in  the  X,  Y and  Z directions 
respectively  results  in  the  following  relations 


FXfl  +■  NGX  = G 

F/fl  + MGY  f NGrY  = 0 

FZR  - vv  + M GrZ  + NCrZ  = Q 


(41 

(5) 

(6) 
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where  W is  the  aircraft  weight. 


results  inEq“illbmi"8  the  r0lIin8  "0""nts  ■!>•«  the  fuselage  centerline 

f Mtux  * WMX  . o 

where  (') 

NGM  x m ( a r&y)  ( 2F) 

and  :p  is  the  height  of  the  fuselage  centerline  above  the  ramp. 

Equilibrium  of  pitching  moments  about  the  aircraft  nose  results  in 

MVR  f MG  Z ' XI  G f NGZ.  ■ XNC  - u/ 

* G W-  Xc^  - /VGX  • ZF  - o (S) 

Equilibrium  of  yawing  „ome„ts  about  the  aircraft  nose  results  in 

M ZF  + MGY  ■ XN&  t MGY  • xi  Q = 0 ((}) 

This  system  of  six  equations  may  be  solved  directly  for  the  six 
unknowns  NGX,  .NGV.  *.  MGZ,  MGY  MGMX.  This  group  contains  the  desired 

, * C°"P°"ents  °f  tor,,  between  the  nose  gear  and  the  ramp  i.e  NGX  „-y 
- M-  bat  the  forces  between  the  main  gear  and  the  ramp  .g”' 


. a . ■ . Theforce5  between  the  main  gear  and  ramp  have  been  determined  by 

the  hen'r  'm  Sear'  “lnS  and  fUS'la8e  Carry  <hr°“8h  structure  as 

he  bent  problem  shown  in  the  following  sketch. 
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Here  A represents  the  left  gear  and  B the  right  gear.  The  quanti- 
ties H and  Hn  are  the  horizontal  reactions  at  the  left  and  right  gear  re- 
A B 

spectively;  VA  and  Vfi  are  the  vertical  reactions  at  the  left  gear  and  right 
gear  respectively.  The  quantities  Fy,  and  are  related  to  the  previously 
found  quantities  by 

- MG-MX 
Fv  - MG  2 
Fh  - -mcx 

and 

L,  * 2Y1G  L 2 * LtG 

The  supports  at  A and  B are  assumed  pinned  and  all  other  joints 
of  the  bent  are  assumed  rigid.  The  members  of  the  bent  are  all  assumed  to 
have  the  same  value  of  El  where  E is  the  modulus  of  elasticity  and  I is  the 
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moment  of  inertia  of  the  cross  section  of  the  beams, 
ticai  reactions  at  A and  B may  be  solved  by  requiring 
total  forces  and  moments  on  the  bent  and  by  requiring 
A relative  to  point  B.  The  results  are 


The  horiiontal  and  tv- 
equilibrium  of  the 
no  deflection  of  point 
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A gear  lifts  when  the  vertical  reaction  becomes  negative  and  a gear 
slides  when 


Now  all  of  the  required  gear  reactions  for  the  E-3  can  be  calculated 
from  the  foregoing  equations. 


For  the  case  of  the  B-52  the  overall  procedure  for  solving  the  prob- 
lem is  similar  with  the  exception  that  one  more  relation  must  be  developed 
by  considering  the  elastic  deformation  of  the  aircraft.  The  fuselage  sup- 
ported by  the  landing  gear  is  again  considered  first.  The  beam  representing 
the  fuselage  with  the  reaction  forces  applied  is  shown  in  the  following 
sketch 


SS 


However  now  NGMX,  the  reactive  moment  supplied  by  the  front  pair  of 
landing  gear,  is  an  unknown.  This  unknown  is  determined  by  considering  the 
torsional  deflection  of  the  fuselage.  It  is  assumed  that  both  sets  of  landing 
gear  will  not  allow  torsional  rotation  of  the  beam  (fuselage).  The  torsional 
loads  on  the  fuselage  are  shown  in  the  following  sketch. 


Here  LWQC  is  the  distance  of  the  wing  quarter  chord  line  at  the  wing  root 
from  the  nose  and  TW  is  the  rolling  moment  applied  to  the  fuselage  by  the 
wing  (known  from  the  aerodynamic  portion  of  the  analysis).  The  torsional 
moments  applied  by  the  tail  are  not  shown  in  this  sketch  since  they  are  not 
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required  for  the  present  purposes.  Assuming  that  the  second  pair  of  mam 

gear  does  not  allow  torsional  rotation  and  the  fuselage  has  uniform  structural 

properties  the  angular  rotation  at  the  first  set  of  gear  may  be  expressed 
as 

JG  ( X2C  L ) + NGMX  ( x ZG  - X 

where  G is  the  shearing  modulus  and  J is  the  polar  moment  of  inertia  of  the 
fuselage.  Then  if  no  rotation  is  alloweu  at  X1G  we  have 

NGMX  = _ rut  ~ LMQ.C) 

OcIgTITTgo  1141 

Equilibrium  of  overall  forces  and  moments  on  the  fuselage  result  in  a set  of 
six  equations  similar  to  the  case  for  the  E-3  namely: 

FXR  + NGx  • o 
FYR  + M&y  + a IGY  » o 
FZR  - W + MGZ  + NGZ  - O 
AJVfl  + MG  MX  + NGMX  - o 
MYf>  + MGZ  • X2G  +NG2-X1Q 
Mlft  + NCry-xiG  + MGY-XZG 


(15) 


* XCG  - NGX  ■ ZF 
• 0 


f 161 

m 

(IS) 
o (19) 

CO) 


Equations  <14)  through  CO)  are  solved  for  the  seven  unknowns  NGMX, 
MGMX,  NGX,  MGY,  NGY,  MGZ,  and  NGZ.  The  reactions  between  the  gear  and  the 
ramp  for  each  set  of  gears  are  found  by  idealizing  the  gear  and  carry  through 
structure  as  a bent,  similar  to  the  case  for  the  E-3  problem.  The  reactions 

on  the  front  two  gear  are  found  from  Equations  (10)  through  (15)  with  the 
substitutions 
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^ - 

Mx  * NQMX 

Fh  * -NG,V 

The  reactions  on  the  rear  two  gears  are  found  from  Equations  (10) 
through  (15)  with  the  substitutions 

F,  - MC2 

» M£MX 

Fh  • - MCr Y 


Now  all  of  the  required  reactions  on  the  B-52  gear  are  determined. 

The  statics  problem  for  the  E-4  is  considerably  more  complicated 
than  those  for  the  other  two  aircraft.  The  E-4  statics  problem  was  initially 
formulated  along  lines  similar  to  the  other  two  aircraft.  However,  this 
analysis  led  to  unreasonably  low  predictions  for  the  maximum  safe  handling 
speed.  The  reasons  for  this  failure  of  the  analysis  were  traced  to  the 
peculiar  geometry  of  the  E-4  gear  and  the  method  in  which  the  structure  was 
idealized.  The  minimum  safe  handling  speeds  on  the  E-4  were  subsequently 
determined  by  replacing  the  actual  S landing  gear  configuration  of  the  air- 
craft with  an  equivalent  3 gear  configuration.  For  the  sake  of  completeness 
the  original  analysis  will  be  developed  along  with  its  reason*  for  failing. 

The  E-4  statics  problem  requires  that  two  more  relations  be  developed 
from  considerations  of  the  elastic  deformation  of  the  aircraft  than  were 
necessary  for  the  B-52  case.  These  relations  were  developed  by  considering 
the  bending  of  the  fuselage  in  the  horizontal  and  vertical  planes.  The  re- 
active forces  and  moments  on  the  beam  representing  the  fuselage  are  shown  in 
the  following  sketch. 


Fuse Lflcf  4 
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Requiring  equilibrium  of  the  overall  forces  and  moments  results  in 
the  following  relations 

FXfi  + NG-x  . o 

FYB  + MZGY  + MiCy  + NGY  - 0 

F£F)  + M2G2  + M7G-E  + /V62  - W * 0 

MXfl  + MiMJi  + + rtS-Af*  - £ 

where 

N&MX  - NGtY  • £ F 

MVB  + M2C2  • X2G  + M?£2  • X/£  + /VC 2 • XNG 

-NGrX-ZF  - W • XCG  * <7  (2S1 

M £f)  f M2GX  • X2G  + MlGY  • XI G t /V£Y  • XAV£  * 0 (-6) 

Thus  far  there  are  nine  unknowns  M1GZ,  M2GZ,  NGZ,  MZGY,  M1GY,  NGY, 
NGX,  Ml MX  and  M2MX.  Consideration  of  fuselage  torsional  deflection  similar 
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(211 

(22) 

(231 

C-l) 


to  that  for  the  B-52  case  gives  the  following  expression  for  M1MX. 


Ml  MX  - '7W  - A/dY  ■ EF 


C~) 


The  preceding  equations  may  now  be  solved  directly  for  M2MX  and  NGX; 
also,  M1GZ  and  M2GZ  may  be  found  in  terms. of  NGZ,  and  M1GY  and  NGY  may  be 
found  in  terras  of  M2GY.  NGZ  is  found  by  considering  the  bending  of  the 
fuselage  in  the  vertical  plane.  The  bending  has  been  calculated  by  an  ap- 
plication of  Castigliano's  Theorem.  First  the  strain  energy,  , due  to 
vertical  bending  is  calculated  along  the  length  of  the  fuselage  according  to 

r 

Uv  ‘ £Jj  / (**<*>)  d + 

where  M_  is  the  vertical  bending  moment.  Calculation  of  this  integral  re- 
quires  the  distribution  of  the  aerodynamic  nonnal  forces  on  the  fuselage 
plus  the  wing  pitching  moment  and  normal  force  transmitted  to  the  fuselage 
which  are  available  from  the  aerodynamic  analysis.  Also  the  entire  weight  of 
the  aircraft  is  considered  concentrated  at  the  location  of  the  center  of 
gravity.  Since  as  previously  noted  M1GZ,  and  M2GZ  may  be  expressed  in  terms 
of  NGZ  the  strain  energy,  Uv  , is  functionally 

Uv  ~ Uy(NGZ ) 

Now  the  vertical  deflection  of  the  fuselage,  5V  , at  the  nose  gear  is 

« _ 3 

°v  “ B(NGZ) 

ana  for  no  deflection,  <Sv  * 0 gives  one  of  the  required  relations. 


This  deflection  constraint  results  in  the  following  expression 


NGZ 


-N 

TD 
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where 


w - 

/V,  + N * * A/4  + A/,  ♦ 

Nu  + N7  + N8 

TO  - 

TO,  + TOj  ♦ TO,  ♦ TD^  ♦ 

TO,  + TDu 

rot- 

T ^5  “ 

T0*a 
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A/L  {FflCS5  C 5,  1,2)  +(H-KZ)  [ FfiCSK(7 , 1,5 ) 
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and  where  NL,  WPM,  NFW,  CCNF  and  ANF  are  aerodynamic  forces  or  moments  acting 
upon  the  aircraft  components  and  are  defined  in  Appendix  D. 


Then  after  NGZ  is  known  M1GZ  and  M2GZ  are  determined  by 


MUiZ  - K}  + K2 
MZGZ  - Kj  + K*  NGl 

The  process  for  solving  for  M2GY  is  similar  to  that  for  NGZ.  The 
bending  of  the  fuselage  in  the  horizontal  plane  is  considered.  The  strain 
energy  due  to  bending  in  the  horizontal  plane,  UH  , is  calculated  according 
to 

° * * ZEI  f d* 

O 

where  is  the  horizontal  bending  moment.  This  is  essentially  an  expression 
of  the  H form 

Un  * UH  (Mioy) 

and  the  horizontal  deflection  of  the  fuselage  at  X2G  is 
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Here  SF,  WYM,  WSF,  CCSF  and  ASF  are  aerodynamic  forces  or  moments  acting 
upon  the  aircraft  components  and  are  defined  in  Appendix  D.  Then  after  M2 GY 
is  known  M1GY  and  NGY  nay  be  determined  as 

MfGy  - K,  + Ks  ■ M 2G'/ 

Nay  * K + KJ0  ■ may 

Thus  far  the  reactions  at  the  nose  gear  NGX,  NGY  and  NGZ  have  been 
determined.  The  reactions  on  the  two  sets  of  main  gear  are  again  calculated 
by  idealizing  the  gear  and  carry  through  structure  as  a bent  problem.  The 
horizontal  reactions  on  the  front  set  of  main  gear,  H1A  and  H1B,  and  the  ver- 
tical reactions,  VIA  and  V1B,  are  found  from  Equations  (10)  through  (13)  with 
the  substitutions 
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Fy  - M»GrZ  , tf  • 2-  VtG 

' Minx  , lz  * Lit 

FM  ’ -Ml  CrY 

The  horizontal  reactions  on  the  rear  set  of  main  gear,  H2A  and  H28, 
and  the  vertical  reactions,  V2A  and  V2B,  are  found  from  Equations  (10)  through 
1.13}  with  the  following  substitutions 


Fv  - M2GZ  , 

L ( « 2 • yzo 

Mk  - MZMX  , 

Lz  - L2d 

Fm  a -M2G.Y 

The  preceding  analysis  supply  sufficient  relations  to  calculate 
all  of  the  unknown  reactions  at  the  landing  gear.  However,  these  calculations, 
as  previously  mentioned,  lead  to  unreasonably  low  estimates  of  the  safe 
handling  speeds  for  the  E-4.  The  minimum  speed  predicted  by  this  analysis 
can  be  discerned  by  inspection  of  Table  1.  In  this  table  L indicates  when 
the  rear  main  upwind  gear  is  lifting,  L-S  incidates  when  the  rear  main  upwind 
gear  is  lifting  and  the  nose  wheel  is  sliding  and  S indicates  when  one  of  the 
main  gear  is  sliding.  It  is  seen  that  trouble  occurs  at  as  low  a wind  speed 
as  15  knots.  This  value  was  judged  to  be  unrealistically  low.  Analysis  of 
the  numerical  results  indicated  that  the  problem  arose  because  of  the  method 
used  to  analyte  the  side  load  and  yawing  moment  on  the  fuselage  and  the  pecu- 
liar geometry  of  the  undercarriage  wherein  the  main  gear  have  a close  axial 
spacing.  The  source  of  the  large  side  force  reactions  can  be  seen  by  con- 
sidering the  following  simplified  version  of  the  horizontal  bending  problem 
for  the  fuselage.  In  this  simplified  problem  we  only  consider  one  aerodynamic 
side  force  applied  to  the  fuselage  at  the  center  of  pressure  for  the  side 
forces,  and  the  fuselage  is  restrained  by  the  gear  located  at  three  axial 
stations  along  the  fuselage.  The  problem  is  shown  in  the  following  sketch. 
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AIRCRAFT  FORCE  ANALYSIS  SUMMARY  SHEET; 
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Here  FYA  is  the  applied  aerodynamic  side  load  applied  at  the  center  of  pres- 
sure which  is  aft  of  the  second  main  gear  because  of  the  vertical  tail.  Also 
M2GY,  M1GY  and  N'GY  are  the  side  force  reactions  supplied  by  the  landing 
gear.  If  we  let  X2G  ■ XMG  ♦ € and  X1G  ■ XMG  - £ (for  the  E-4,  XMG  - 109.45  ft. 
and  £ « 5.05  ft)  and  require  no  lateral  deflection  at  X2G  to  resolve  the  in- 
determinacy, then  the  reactions  may  be  expressed  by  the  following  relations 


M;£y  * k3  + K4  mzgy 
NQ y * * K2  M2GY 

{K  K 

— y-1  (XMG  -£  -XNG)  4-  ^ [z(XMG  - €-XNGr)£ 2 + lfJ] 

+ ~ * 2*1  fS[XMC  -€  -XW&]  ty4f5 


where 


F yfl  ( XMCr  -€  - XFyfi) 
X NG  - XMG  + e 

-Z£ 

XNG - XMG  +€ 

FVG ( XNG  - XFYft ) 
XMG  ~ £ ~ XNG 

XNG  ~ XMG  - £ 

XMG  - £ - XNG 
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The  following  Uniting  behavior  with  respect  to  £ may  be  deduced  from 
the  above  formulae 

1*™  CMQY  — oo 
€ —0 

f*1  1 GrY  — ► - «e 

6-+0 

bUt  JU*”  (M2GY  + M1GY)  — * FYR  —FV*  ~ ^ ^ 

€—0  XMG-XAJ& 

so  it  is  seen  that  for  small  axial  spacing  between  the  main  gear  that  M2GY 
becomes  large  and  positive  while  M1GY  becomes  large  and  negative.  As  a sample 
case  that  corresponds  to  uniform  wind  conditions  at  35.35  knots  approaching 
from  45*  from  the  left  the  following  results  are  obtained 


FYA 

n 

1.5041  x 104  pounds 

XFYA 

n 

139.6  ft. 

M2GY 

n 

4 

5.4504  x 10  pounds 

MI  GY 

m 

-3.9734  x 104  pounds 

NGY 

■ 

1 

2.32  x IO*"  pounds 

These  large  lateral  reactions  result  in  lifting  of  the  upwind  gear 
located  at  X2G  at  low  wind  speeds. 

This  difficiency  in  the  analysis  could  probably  be  corrected  by 
treating  the  four  main  gear  as  a space  frame  unit.  However,  this  would  have 
required  a more  detailed  knowledge  of  the  aircraft  structure  and  was  beyond 
the  scope  of  the  present  program.  As  an  approximation,  to  fill  the  needs  of 
the  present  program,  the  actual  5 gear  undercarriage  of  the  aircraft  was  re- 
placed with  an  equivalent  3 gear  undercarriage.  The  four  main  gear  of  the 
E-4  were  replaced  with  two  gears.  The  original  two  main  gears  on  each  side 
of  the  aircraft  were  replaced  with  a single  gear  located  at  the  mean  axial 

io: 


station  and  mean  lateral  position  of  the  original  gear.  It  was  felt  that  this 
was  a reasonable  approximation  considering  the  relatively  close  axial  spacing 
of  the  actual  main  gears.  The  approximate  three  gear  configuration  does  not 
have  as  wide  a track  as  the  actual  aircraft  gear  and  therefore  can  supply 
less  resistance  to  overturning  moments  than  the  actual  gears.  It  is,  there- 
fore, thought  that  the  approximate  three  gear  results  for  safe  handling  speed 
should  be  conservative. 

6.4  RESULTS 

The  foregoing  analysis  was  applied  to  each  aircraft  for  five  posi- 
tions going  onto  the  facility  and  four  positions  coming  off.  The  wind  speeds 
ranged  from  20  to  80  knots.  The  positions  of  the  aircraft  going  onto  and  off 
the  facility  were  selected  as  those  most  likely  to  cause  trouble  on  the  basis 
of  inspection  of  the  smoke  flow  studies  and  velocity  surveys.  The  results 
for  safe  handling  speeds  are  shown  in  Tables  2-4.  In  these  tables  XN  i:> 
the  coordinate  of  the  aircraft  nose  in  the  TRESTLE  axis  system.  The  fuselage 
centerline  is  always  parallel  to  the  X axis  of  the  TRESTLE.  The  last  XN 
position  for  going  onto  the  ramp  in  each  case  corresponds  to  the  test  position 
for  the  aircraft  on  the  test  stand.  For  the  first  XN  location  going  onto 
the  ramp  the  aircraft  is  main1./  iutalwd  on  the  approach  area.  This  location 
was  selected  on  the  basis  of  the  smoke  flow  studies  and  quite  often  provides 
the  minimum  safe  handling  speed.  For  the  case  of  the  B-S2  (Table  2)  an  un- 
safe condition  first  appears  at  a wind  speed  of  35  knots.  Initial  trouble 
with  this  aircraft  always  entails  the  slipping  of  the  upwind  front  gear.  The 
wind  directions  which  are  thirty  degrees  off  alignment  with  the  fuselage  axis 
gi'e  the  minimum  safe  speeds.  For  the  cases  of  the  E-3  and  E-4  (Tables  3 
and  4)  aircraft  unsafe  conditions  first  appear  ct  35  knots.  Initial  trouble 
with  these  aircraft  always  entails  slipping  of  the  nose  gear.  The  cross  wind 
cases  of  65  degrees  and  245  degrees  give  the  minimum  safe  handling  speeds. 

A composite  graph  has  been  made  for  each  aircraft  which  gives  the  safe  handling 
speeds  as  a function  of  wind  direction  considering  all  positions  on  the  facil- 
ity. These  plots  are  shown  in  Figures  32,  33,  34.  The  dashed  line  with 
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Tabt*  2 

AIRCRAFT  FORCE  ANALYSIS  SUMMARY  SHEET; 
AIRCRAFT : B-S2  GOING  ONTO  RAMP 


LEGEND:  X AIRCRAFT  SAFE;  S GEAR  SLIPPING;  L GEmR  LIFTING 


Table  2 (Com.) 

AIRCRAFT  FORCE  ANALYSIS  SUMMARY  SHEET; 
AIRCRAFT:  I 52  GOING  OFF  RAMP 
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LEGEND:  X AIRCRAFT  SAFE:  S - GEAR  SLIPPING;  L GEAR  LIFTING 


LEGEND:  X - AIRCRAFT  SAFE;  S ■ GEAR  SUPPING;  L - GEAR  LIFTING 
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AIRCRAFT  FORCE  ANALYSIS  SUMMARY  SHEET; 
AIRCRAFT:  E 3 GOING  OFF  RAMP 
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Table  4 

AIRCRAFT  FORCE  ANALYSIS  SUMMARY  SHEET; 
AIRCRAFT:  E~4  (3  GEARS)  GOING  ONTO  RAMP 
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Table  4 (Cant.) 

AIRCRAFT  FORCE  ANALYSIS  SUMMARY  SHEET 
AIRCRAFT:  E-4  <3  GEARS)  GOING  OFF  RAMP 


LEGEND:  X AIRCRAFT  SAFE:  S • GEAR  SLIPPING;  L GEAR  LIFTING 


WIND  DIRECTION  Wtef) 


WINO  SPEED  (knoti)  MEASURED  AT  10  m#t«r 
HEIGHT  ON  METEOROLOGICAL  TOWER 


Figure  32.  Summary  of  Results  from  Force  Analysis  of  B-52  Aircraft  For  All 
Positions  on  Ramp  and  Test  Stand  of  TRESTLE  Facility. 
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Figure  33.  Summary  of  Results  from  Force  Analysis  of  E-3  Aircraft  For  All 
Positions  on  Ramp  and  Test  Stand  of  TRESTLE  Facility. 
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Figure  34.  Summary  of  Results  from  Force  Analysis  of  E-4  Aircraft  (Tricycle 
Gear  Approximation)  For  All  Positions  on  Ramp  and  Test  Stand  of 
TRESTLE  Facility. 
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the  square  symbols  indicate  the  lowest  speed  points  where  the  calculations 
indicated  trouble  exists.  The  solid  line  with  circular  symbols  indicate  the 
next  lowest  speed  increment  where  a calculation  was  made  and  no  unsafe  condi- 
tions were  found.  This  solid  curve  is  recommended  as  the  boundary  for  safe 
ground  handling. 

The  reactions  between  the  aircraft  gears  and  the  test  platform  are 
given  in  Tables  5,  6,  7 and  8.  In  these  tables  are  listed  the  gear  reaction 
tin  pounds)  for  the  nose  position  on  the  test  platform  XN,  the  wind  direction, 
PHI  and  the  wind  speed.  UN1F,  in  knots. 

For  the  case  of  the  B-S2  (Table  S)  the  reaction  quantities  are  de- 
fined according  to  the  following  list 

H1A  - Horizontal  reaction  at  the  front  left  gear 

H1B  - Horizontal  reaction  at  the  front  right  gear 

H2A  - Horizontal  reaction  at  the  rear  left  gear 

H2B  - Horizontal  reaction  at  the  rear  right  gear 

VIA  ••  Vertical  reaction  at  the  front  left  gear 

V1B  - Vertical  reaction  at  the  front  right  gear 

V2A  - Vertical  reaction  at  the  rear  left  gear 

V2B  - Vertical  reaction  at  the  rear  right  gear 

NGX  - Axial  force  reaction  at  front  gears 

For  the  case  of  the  K-o  liable  o)  the  following  definitions  apply 

Axial  force  reaction  at  nose  gear 
Horizontal  reaction  at  nose  gear 
Vertical  reaction  at  nose  gear 
Horizontal  reaction  at  left  main  gear 
Horizontal  reaction  at  right  main  gear 
Vertical  reaction  at  left  main  gear 
Vertical  reaction  at  right  main  gear 


NGX 

NGY 

ng: 

HA 

HB 

VA 

VB 


11.X 


Tables 

LANDING  GEAR  REACTIONS  FOR  B 52  AIRCRAFT  ON  TEST  STAND 
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Table  5 (Com.) 

LANDING  GEAR  REACTIONS  FOR  0 52  AIRCRAFT  ON  TEST  STAND 
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H2B*  3.472300* 

UlhFa  49,0 

VUa  9 . 3991009 
V2t*  3.9199004 

V»B* 

V»Ba 

T . 94390  09 

1. 103*009 

NSXa.l, *4**003 

XNa978.0 

PHla  39.0 

UIHFa  *0.0 

Hit*. 2. 9304004 
H2ta. 1.283*004 

HIBa  2,202300* 
H2R*  4.3702C >09 

Vita  3. 113200* 
V2*»  1.2122039 

Vi  Ba 
v»Ba 

9 . 90*0004 

1.38*4005 

N6X«-2.9*24C«03 

XN*978.0 

PHla  39.0 

UIHF*  80.0 

Hlta-2, 7340O04 
H2ta. 1.2394003 

H18a  2. 191 OC *09 
H2Bx  3. *10800* 

Vita  A. 3277003 
V2i*-3. *007004 

VlB* 

V»Ba 

1 . 2194009 

1 . 889  200  9 

N6Xa>9. 2*73003 

XN«9TO.O 

PHI*  *9.0 

UINF*  29.0 

Hlta. 2. 31**004 
H2ta-2, 4729004 

H1B*  2.29*7C«09 
H2B»  3. 1371009 

Vita  *,2**4004 
V2ta  «,  1799009 

V(  8* 
V»R* 

9,9084004 

8 . 78900  04 

NCXa-2. 289*002 

XN*978.0 

PHla  *9.0 

UlhFa  30.0 

— 

Hlta-2. 3377004 
H2ta. 2. 3399004 

M18*  2.2370004 
H2B*  3.29*300* 

Vita  *,3931004 
V2ta  9,*397C«04 

V<  B» 
V»B* 

9. 84*2004 

9 . 3943004 

NGX=. 3. 181*002 

*N*978,0 

PHla  *9.0 

UP»Fa  39.0 

Hlta-2. 3*2*004 
H2ta-2. 1828004 

H1B*  2. 2294C <09 
H2B*  3.989*C«04 

Vita  * , 942*004 
V2t*  4.998*0  04 

VlBa 

V»Ba 

9. 772*004 

1 . 011*009 

N3Xa-4 , 330*0  02 

XN«978.0 

PHla  *3,o 

UINFa  40.0 

Hlta-2. 3914004 
H2tx-2. 0014004 

H1B*  2.2129C.09 
H2B*  3.701 8C *09 

Vl«*  *.56890  04 
V2ta  4,2*3400* 

VlBa 

V»Ba 

9 . *8780  04 

1. 0449009 

NGXa-9. *3*2C«  02 

XN1378.O 

PHla  *9.0 

UIHFa  49.0 

Hlta-2. 4234004 
H2ta-1 ,7999004 

Hlba  2 , 1979C* 09 
H2B*  3 . 9979C *09 

Vita  *,7321004 
V2t*  3 . 4301  0 04 

Vi  Ba 
V»B* 

9, 991*004 

1. 1887009 

NGXa-7 .1467002 

XN»97# • 0 

PHla  *9,0 

01NF*  *0.0 

Hlt*-2.5447O01 

H2ta-1.03»4O04 

HIQ:  2. 1921009 
H2B*  4.8*02004 

Vita  7,2*20C.04 
V2t * 3.42 29C *03 

* > B* 

V»Ba 

5 .2  303004 

1 . 937*009 

N6Xa»l , 2727C.Q3 

XN»97«.0 

PHla  *3,Q 

UthFa  80.0 

H»«.2.73»»t«0» 
H2ta  3.1992003 

XN«978.0 

HIBa  2.043*004 
H2B*  *.48190  04 

PHla  99.0 

Vita  k. 20*3004 
V2t*-3 .1472004 

VI  Ba 
V»Ba 

4 .40170  04 

2 . 19800  09 

NGXa.2 . 2*29C*  03 

UINF*  25.Q 

. 

Hlta. 2. 2*97004 
H2Aa»2 « 937*0  04 

HIBa  2.2919C«09 
H2B*  3 . 0093C*  09 

Vita  3.7279004 
V2ta  *.4398004 

VlBa 

V»Ba 

*.3019004 

8 .3388  0 04 

NGX*  3,0319002 

E 


TaW«  5 (Cont.) 

LANDING  GEAR  REACTIONS  FOR  B 52  AIRCRAFT  ON  TEST  STAND 


(*•378.0 

PHI*  33.0 

UINfi  30.0 

Tna*iT.rn>ic*oa' 

M2A*-2.*332E-0* 

’H3BI  ,2.2233l»J8~ 
*28*  3.1032E-0* 

VIO  Yi31«r-0*— 
v 2**  8.0172E-0* 

fin  8.*17Il>o< 
V»*«  8.7317E-0* 

N«1 

1*1378.0 

P*I»  33.0 

UINFi  33.0 

*1*1-2. 2 TOU  •O'* 
*2»i-2.3C37t-0* 

*18*  2.213*C-0« 
KJS*~37273n-0* 

Vl*«  3.H88E-0* 
V2**  S.3177T-0* 

Vi  8* 

vili 

8.3*33E»0* 

T.233*r-0* 

TiOX* 

<n*st8.o 

P*I*  33.0 

U1NF*  30.0 

*1**-2.2712E«0* 

*2Ai-2.1872E-0« 

*18>  2. 1331E-0* 

*281  3, 3817C*  o* 

Vl*«  3.2237E-0* 

V2  *■  ».**1SE>0» 

ViB* 

VlB* 

8.8331E-0* 

3.8023C-0* 

NCXi 

<**378,0 

P*I*  33.0 

OIHFi  *3.0 

*l*i-2. 2T19E-01 
*2*1-2. 0038E-0* 

*18*  2.1808E-0* 

*28*  3.3178E-0* 

VI**  3.0080E-0* 
V2**  * ■ 2863E -0* 

v i Hi 
v»*« 

8.8885E-0* 

1 . 0** IE -03 

N6Xi 

~*n«3T».0 

PHI*  33.0 

tINFi  80.0 

*l*»-2. 2T**E -0* 
*2*i-l . *07*E  ♦ 0* 

*18*  Z.1120E-0* 

*28*  *.0*33E-0* 

VI *■  * • 1333E- 0* 
V2*>  1.8880C-0* 

Vi  8* 
Vl8i 

T.301U-0* 

1.20O8E-OS 

Nit* 

<*■•76.0 

PHI ■ 33.0 

UlhFi  80.0 

*1*1-2. 2783E-0* 
*2Ai-3,*388E-0  3 

MlBi  1.3302E-0* 

*28*  3.122SE-0* 

VIA*  7.7S33E-0* 
V2**-2.45*8E>0* 

V i Bi 
v>8i 

8.831 0E-0* 
l.TOUE-OS 

*6Xi 

<*•*78.0 

P*H  123.0 

lil*F * 23.0 

*l*i-2.283*E-0* 
*2*1-2. fcli*E>0* 

MB*  2.2S33C-0* 

*28*  2.881*E-0* 

Vl*«  1. 0202C-0* 
V2A*  1.7V32E.0* 

viB* 

V»8» 

7 . 02* 1C- 0* 
7,31 7oE*  0* 

N6X* 

<*■378.0 

P*I*  123.0 

UU.Fi  30.0 

*l*i-2 . 201 OE ♦ 0* 
*2*i-2.3*83C-0* 

*18*  2.2483E-0* 

R2B*  2.3282C-03 

VIA*  * .3872E >0* 
V2»«  <,<3«2C>1< 

VI  *■ 
ViB* 

7 . 4328E -0* 
8.1*32E«0* 

KGXi 

<*■378.0 

P*Ji  123.0 

UINFi  33.0 

*1*1-2. 2382E-0* 

H2A--2.-84ui.-Q1> 

*18*  2.2383E-04 

n<Hi  <,VOi»t«0* 

VIA*  4.0316E>04 
V2 A*  6. 1128E-0* 

VI  *» 
v >8* 

7.3335E-0* 

8.*l*3E-0* 

*6<s 

<**378,0 

PM I • 123.0 

UINFi  *0.0 

Hl*i-2.23S1C»04 
*2*1-2. 3868E-0* 

*1B*  2.2232E-0* 

*28*  3. 0*7*E*0* 

VIA*  3 . *1*0E*0* 
V2*i  3.7184E-0* 

ViB* 

V»8i 

8.3**lE-0* 

8 . 72*7E*0*  . 

N6X  ■ 

**■378.0 

PHI*  123.0 

UlNFi  *3.0 

*l«i-2. 2318E-0* 
*2*i-2. 2803E-0* 

H1B*  2.2188E-04 
*28*  3.U37E-0* 

VIA*  2.7133E-0* 
V2*i  3, 2718E-0* 

ViBi 

V *8i 

3.2Q88E-0* 

3.0788E-0* 

*6X* 

s.iiiTrvo* 


7,?808E»0* 


3.8220C-02 


1 • 7*81E«  03 


3.10*2E.03 


2.S73AE-02 


T».2*0*E.62 


3,a*0«C*02 


7. 82B3E-02 


3.83*3E*02 


U6 


Table  5 {Cunt.} 

LANDING  GEAR  REACTIONS  FOR  B 52  AIRCRAFT  ON  TEST  STAND 


XNO378.0  PHI*  123.0  UINF*  40.0 

H1**.2.2340E«0*  H18«  2 . 1000C *01  till  1.193SC.03  Vie*  I.1442C»03 

H2»*-l.440«*0*  H2S*  3.3*77E«0*  V2*«  J.4141E.0*  v>«*  1.03*01*03  NOX*  1.7l4«E«03 

XN*37*.0  PHI*  123.0  UINF*  *0.0 

H1**>2.21«2C*0«  HIS*  2. ll»0£*o»  v 1 »*•*.* 932£« 0*  yiNa  l. *0271*03 

H2**.1.1«99E.0«  H28*  3.*4*3E«o*  V2*a  4.728SC.03  «>«■  1.2*3eC«03  NGX*  S.0S13E.05 

XN*S7*.0  PHI*  133.0  UINF*  23.0 

N1**>2.243SE*0«  Hie*  2.2S94E*0*  VI**  4.042SE*0*  V«K*  3.3333C«0* 

H2**.2.7390E*0*  M28*  2.7482E.0*  V2»*  T.3«91E*0*  v»«»  7.33001*0*  NGX*  1.072«C»01 

XN*3  7*  * 0 PHt*  133.0  UINF*  30.0 

Hl*a>2.2412C*0«  H1B*  2.2337C«0*  VI**  t>.U4*l€«0»  VlB*  S.377oc*0* 

M2*a-2.7320C*0«  H28*  2.74S1C*0»  V2**  7.3247C*0«  V»*m  7.3*34C*0*  NGX*  l.S**3C«0l 

*N«s7e.o  phi*  133.0  uinf*  ss.o 

H1A*.2.2'*4E*0«  Hie*  2.2310C*0»  VI**  *. 0 7*6E ♦ 0*  Vi**  S.SS0BE*0* 

H2**»2 .7* J*E»0*  H2e*  2.7413E»o«  V2**  7.3Q01E»0«  v»N*  7.3403E«0*  NGi*  2.1Ol«E*01 

XN*374 . 0 ph  1 * 133.0  UINF*  *0.0 

HUs.2.23SSE*Q«  Hie*  2.2*S4E*0»  vl*«  h.Q»23E.0«  Vi**  3.3203E«0* 

H2**»2,T3*OE.O*  H2B*  2.T3T*E*0*  V?**  7.249SE.0*  v»*»  7.37*2r*0*  NGX*  2.7454E.01 

**■37*. 0 PHI*  133.0  UINF*  *3.0 

H1«*.2.2313E*0*  H1B*  2.233*C.O*  Vl*«  4.090SE.O*  viVi  5.**41C*0* 

H2 A* *2. 72311*0*  H2R*  2.7S24E*0*  V2»*  7.23*7E*0*  v»B*  7.3473E*0*  NGX*  3.»7**E«01 

XN*37* « 0 PHt*  133.0  UINF*  40.0 

Hl*»»2.2 3*9E*0»  H1B*  2.2147E«0*  VI**  4.122*E*0«  vi**  3.7S*BE*0« 

H2*«»2,4#27E*0*  H2B*  2.7332E*0*  V2*«  ?.1040£*04  v»«-i  7.3*14C*0*  NGX*  l.l771C«0l 

IN*37e.O  PHI*  133.0  UINF*  80 . 0 

Hl*». 2. 215*1*04  H1B*  2 . 1742E«0*  Vl*»  4.1734E*0»  vi8*.  3.332*E*0* 

M2Aa*2.4108E*04  H2S*  2.70»2E«0*  V2«*  *.*772E«0*  v»«*  7.2941E*0*  NGX*  1.0**1E«02 

*N*37*.0  PHI*  1*3.0  X.  UINF*  23,0 

H1I*>2.2743E«0»  NIB*  2.2*03E«0*  Vl*»  7.0S10E«0*  V1«*  *.9933E«0* 

H2*s*2. B40*E*04  H28*  2.4331E«0*  V2»«  7.*419E*0*  v»8*  4.7B73E*0*  NGX*  3.5S73E«02 

XN»S7e.O  ■ PHI*  1*5.0  UINF*  30.0  " “ 

H14*-2.2797E*0*  H1B*  2.227SE«0*  VI**  7.*314C«0*  ViB*  *,3293Ei0* 

H2**»2.*373E«0*  H2B*  2.37U4E*04  V2*«  *.04S1E*0*  V»Ba  4.3l7*E«0*  NGX*  S.490«E«02 


’ 1 "f 


, Tablt  5 (Coot.) 

LANDING  GEAR  REACTIONS  FOR  R-W 

8 52  AIRCRAFT  ON  TEST  STAND 


*«*978.0 

"**■•2.96221*06 

M'STI.C 

*N«J7#.0 

^J-a.2f3«C*0* 

*N*378,o 
"l*»-2. 31261*06 

h**»-3.2»*3C^0- 


**7*678.0 

"l**-2. 36681*06 
MJ**-3. 66«9C«Q9 

*•7*378.0 

"1***2. 2(411 «o* 

N2>fi,17UC*ti 

<•7*378.0 

"2*«..3. 06811*09 
*•7*3  78.0 

WHf.I.fT — 
**■578.0 

"l«**l.23Ht.04 

H2*«.3.2*fclt»0H 

**■■378*0 

"1***2.23381*09 

*77*378. 0 — 

"t***2. 29231*09 
H2«s.3.99731+06 


P"I*  1*5.0 

Mill  2;iT)l[«t? ' 

"2B»  2.IW8C.0, 

•*"»■  x*s.o 

Hie«  2,«iuc»o« 

P«I»  1*5.0 

*7ie»  2*  17691*09 
"2«*  2.31501. 0% 

P"I*  l*3.o 

"l«*  2.103«C»08 
"*a*  x.*s72c.o* 


uinf»  j3.o 


~P"T*  185.  (r 

"18*  1.97051*09 
"*■»•  1.3211C«o« 

*"1*  213.0 

"18*  2.2979C*09 

H2B«  2.3*aCC«0* 

P"I*  2X3.0 

~*X1*  7723881*06 
"*B«  2.»39*r*0* 

“HI*  213.0 

^XB«  2,22701*09 

moo  — 

p"l*  213.0 
"18*  2.2l92C*o« 

M28=2.1703C.0, 

P"I*  2X5.0 

*7X8*  2.19971*06 
H28*  2.01981*06 


*7X8*  2.X 6611*06 
*728*  1.6326[*09 


^1**  •.01221*0*- 

*2*“  6.30521*09 

U1NF*  »o.O 

VI**  8.81291*09 
va*«  8. 38221.09 

oihr*  95,0 

Vl*«  9.29381*09 
V2*»  8.09821*09 

OINF*  80.0 

VI**  1.18171*03 

va*»  i.oo6ot*o5 

oo.o  — 

VI**  1.63021*03 
V2**  1.21281*03 

U18F*  23.o 

Vi»*  6.87791*09 
V2*»  8.29381*09 

UXNf*  30.0 

Ml**  7.26231*08 
V2*«  8.68981*09 

VIW«  33.0 

VI**  7.67291*09 

va*«  9.i55sr*08  - - 

UINf«  9o.o 
Vl*»  8,16981*09 

“**■  J».6*2*^t09 

UINF«  93.0 

Vl*»  8.73301*09 
V2**  1,03021*05 

~~uvm  n;<r~ 

VI**  1.08201+05 
V2*»  1.23391*05 


V»8*  6.19891*09 


N6*»  7.73621*02 


JHjLJ*3»Slt*09 

*«»ir*06  -wsrx.tiTicro 


03 


V’»*  2.62691*06 

JSliaww.  .... 

Vi8*-3. 56221*02 

v’"*  i.imw 5 


"™*  6.03221*03 


**B*  3.15271*06 
V»«*  6.62371*06 


Vi  8*  6 ,75801* 0V 
V»8*  3.99701*06 


NSX*  6,32681.02 

"7SX*  8.51861*02 


**•*7131*06 

r*^‘Or-NKri-T;njscro?. 


ViB.  3.7332t*09 

»»0*  H.J0bSE*0* 


Vi  B*  3.19321*09 
V»*»  6,29291*06 


Vl»*  8.82681+03 
V»B«  1,78721*06 


IIS 


TtW«  S (Cunt.) 

LANDING  GEAR  REACTIONS  FOR  B 52  AIRCRAFT  ON  TEST  STAND 


IMiTI.I 

*H|>  213. B 

U IBP  * I0.B 

H|A*.2,22ltC.O* 

H2A*.«.t3»OE«0» 

Hits  2.0307E.O* 
H2B»  3.*tl3E»03 

Vt As  1 ,»SSBC.03 

72 As  l.*J71E*0S 

VlBs. 

v>Bs< 

>3.13*300* 

>2.37t*E>0* 

*t»>  * . A335E.0 3 

IMSTI.I 

Ph|«  2*3.0 

U1NF*  23.0 

Dtii.J.m  3E.0* 

Hit*  2.3212C+0* 

*2d*  2,*000£.o* 

V l As  *.137|£.0» 

V 2 A*  * • 0212E . 0* 

liB> 

V*As 

A.  03 A OOO* 

3,  AflttE .0* 

NGXs-2.0072E.02 

INsSTt.O 

PhI*  2*3.0 

UINF*  3B.0 

*tAs.2.23«2C.O* 

Hies  2.3»*3E«0* 
7>2B*  2.23*1E*0* 

VIA*  A.17ASC.0* 
V2A*  * • 74*OE»0  * 

VlBs 

VJ*s 

A . 0327E. 0* 
S.2230E.0* 

AG*s.2.t*32E«02 

IHJTl.t 

PHls  2*3.0 

UlNF*  33.0 

H1A.-2, 2217004 
H2lf),J<UE*a« 

Mlfls  2. 271*00* 
H2ts  2, B31IE *0* 

V 1 As  h.2223E«0« 
V2AS  1 • 0313C*B3 

v i B« 
V»B« 

A . 02*tE«  B< 
*,*377C«0* 

NSIs.3 .13O0E.O2 

XB*S7t,0 

PHI*  2*3.0 

UINF*  *0.0 

— 

XIAs. 2.207*00* 
«2A*-3. 840*00* 

HiBs  2.*032C»0* 

H2B»  i . t l*tE • 0* 

VIA*  *.27S0E*0» 
V2As  1.13711.03 

VlBs 

ViB* 

A . 01 *7E  *0* 
3. 33 1 i£. 0* 

NCAs-S, 1*3*E. U 2 

*N'3Tt.O 

PHI*  2*3.0 

Ul-VF*  *3.0 

nUiW.MUC^O* 

h2A*.«,1*3SE.O* 

HlB*  2.*3t1E«o* 
«2B«  1.SS7TE.0* 

V 1 As  1, . 33*1E .0* 

V2 As  1 . 2*7SE .03 

7i  As 

V»Bs 

A.0117E.0* 

2 ,!03»E.0» 

*GX*.*.3o17C.02 

**•■371.0 

PHl«  2*3,0 

UISPS  *0.0 

M1A»-2.1307C.04 
*2A*-S. 17O0E.O* 

H1B*  2 ,371 3C.0* 
M2B*  *• 1 SO*! *0  2 

V 1 As  b.SSAAC.O* 

V? A»  1 , A7B*£  *03 

VI  As 

V 10*< 

S , 1A2 1 E. 04 
>1,30321.0* 

NGXs-l.1373E.03 

■ *>371,0 

PHt«  2*3.0 

UINF*  BO.O 

H1A*-2.0233E*B* 

M2A*-7.0t63E.O* 

HiB<  2. BOttE *0* 
H2Bs-l.OAA2C.04 

VI  As  A.1S0BE.04 

V2 As  2. *002003 

Vi  As 
v*B*> 

3.727300* 

■S.OTAlOO* 

N6X*-2.0S7*E.O3 

■ *>371,0 

PHl«  273.0 

UltiFs  23.0 

MU»1,2«13E*0> 

•■2Ai.-3,8»*7C.0* 

Hlfi*  2 . 32**C  +0* 
H2t)«  2,«**2E*0* 

V 1 As  A. A247O04 
V2A*  B.71SBO04 

Vi  Bs 
VlBs 

3 .332*7 ♦ O* 
A. 12*  0E .0* 

N6Xs-3.3713C.02 

*A*S7i,0 

PHl»  273.0 

U1NF*  30,0 

MlA»-2, 22131+0* 
M2As-3.2*12E*0* 

Hi B*  2.3*37C»0* 
H26*  2.33  03E ♦ 0* 

VI As  A,t77tE.0* 

V? A*  7.27*700* 

ViBs 

V»Bs 

3.3333E.0* 

3.3A2*E»c* 

NGXs-7.TS47E.02 

Jd  • d 

PHt»  275  * 0 

^ilNFs  33.0 

K1A«-2,213*C.0* 

H2A*-3.*013E.O* 

Hie«  2.37m*o* 
H2&«  2 . 1 AITE+O* 

VIA*  7.I7&3C.0* 
V2A*  9.7767E+0* 

VlBs 

VlBs 

3.07*8E*0* 

4.A7ME+0* 

NiX*-l .032 BE. 03 

| 


Table  5 (Cont.) 

LANDING  GEAR  REACTIONS  FOR  B-52  AIRCRAFT  ON  TEST  STAND 


MX378.0 

PHI*  273. 0 

W1B*  2.4I27r^5¥-- 
■ ■28*  1.98436*04 

UINF*  40.0 

...  - - 

* ' 

M2A*.3.68i76*04 

via*  ^.sjur+ff’r 

V2A*  1 . 07686+03 

vTB*' 

V*8* 

TTTTCTTTfl* 

4, 13316+04 

NCXx-1, 37316*03 

XN*S78.0 

PMIx  273.0 

UINF*  43.0 

MlA«-2, 18036*04 
M2A=-3,8237E*04 

MlB*  2,43096*04 
K2Bx  1.774 3C*04 

VIA*  7.91236*04 
~V2A*  1.16636*05 

VtBx 

v5B* 

4.43816*04 

STStsjrvoA — 

— N<nrr=ir74v4rioa 

XN*378.0 

PHI*  273.0 

UINF*  60.0 

H1A:-2.1 1206*04 
M2A*-4.*3V4E*04 

M18*  2.39266*04 
H2BX  9.93926*03 

VIA*  9, 36096+04 
V2  A*  1.49786*03 

VtBx 

V»9* 

3. 18*66*04 
4.91326+02 

NOXx-3. 094qE*q3 

XNS578.0 

PMlx  273,o 

utNF:  80.0 

M1Ax-1.9901E*04 

M24=-6.08J4E*04 

MlB*  2 .84466*04 
H28=-3. 87866*03 

PH1*“305,0~ 

VIA*  1.19366+03 
V2A*  2.08726*05 

UINF*  23.0 

Vi  B* 
V :8s. 

9.56176*03 

■5.66846+04 

NGX:-5.3O04E+Q3 

HlAx-2. 28426*  04 
M2A*-2,a884E*04 

M18=  2.29O9E+04 
H2EX  2 , 682 16  + 04 

VIA*  6.89496*04 
V2Ax  7.89796*04 

Vi  8: 

vaB* 

5.30556*04 

6.95686*04 

NGXx-4. 96226*02 

XN*J78,0 

PMIx  303.0 

UINF*  30.0 

HlAx. 2. 29106*04 
M2A*-2. 93826*04 

H18*  2.30086*04 
H28:  2.64136*04 

VIA*  7. 26686*04 
V2AS  8,11696*04 

ViBs 

V*B: 

4.97806*04 
6.761 6E 104 

NGXs-7. 14366*02 

XNsj78,0 

PMIx  305.0 

UINF:  33.0 

• 

HlAx-2. 29916*04 

M2 Ax-2, 99716*04 

H18*  2 . 3123E+04 
H26"  2 .39296+04 

VIA*  7.70636*04 
V2AX  8.37576*04 

Vi  B* 
vaB* 

4.39106*04 

6. 53106*04 

NGXx-9. 72396*02 

XN*378.0 

PHIx  303.0 

UINF*  40.0 

MlA:-2. 30836*04 

Hlfir  2 . 32376*04 

VIA:  8 ■ 21336+04 

VI  B* 

4.14446*04 

QfeSlE  + O** 

K2H=  2.S372E+09 

V2S*  8 • 67446*04 

VaB: 

f.  26306*04 

'NGJCs-r.  27036*03 

XN*578, 0 

PMI*  305.0 

UINF:  4..0 

HI Ax-2. 3 1306*04 
H2Ax-9.14216*04 

HIBx  2.3408E+04 
H2BS  2 . 47406+04 

VIA:  S. 78806+04 
V2A:  4.01286+0“ 

Vi  B: 
V »B* 

3.63836+04 

5.9634t*04 

NGXs-1. 60786*03 

XW*S78 , 0 

PHI*  303.0 

UINF*  60.0 

HI Ax- 2. 33826*04 
H2A*-3.N276E+04 

MlB*  2.3970E+04 
-H2BX  Z,  23986*04 

VIA:  1.09186*05 
V2A - 1 ,02676+05 

win* 

VaB: 

1.76266*04 

4.84S9E+04 

NGX:-2 . 8382E*  03 

XM^578 • 0 

PHI*  303.U- 

UINF=  BO.'O 

K1AX-2.4278E+04 
H2A: -3. 9 33 16*04 

HIB*  2.49E8C404 
lJ18*  1.82336*04 

VIA*  I . 47046*05 
V2A*  1 . 24976*05 

Vi  8 :■ 
VaRs 

■1.37186+04 

2.8593E*04 

NGXx-3. 08136*03 

Table  5 (Coot.) 

LANDING  GEAR  REACTIONS  FOR  B-52  AiRCRAFT  ON  TEST  STAND 


XN*378. 0 

PH1>  335.0 

U1NF s 23.0 

H1A*-2.2830E*04 

H2A*-2.8100E*04 

H10s  2.24171*04 
H2Bs  2.7326E.04 

VIA*  6.1328C*04 
V2AS  7.3131E+04 

V 1 Bs" 
vaB* 

f.osncvof 

7 . 42S1E*  04 

NGXs-2, 0374E»02 

(Ms  378  • 0 

PHls  333.0 

U1NF*  50.0 

H1»«.2.242SE*04 

M2A*-2.82S5E*04 

HIBs  2.3018E*04 
H2Bs  2.6003£*04 

VI As  6.1381E*04 
V2As  7.3637E*04 

ViBs 
vaB  = 

6. 0328E.04 
7.4S60E.0* 

NGX*-3.0?02E*u2 

INS378.0 

PHls  333.0 

UINFs  33.0 

HlA*-2.  3008E+04 
M2A*-2.84S3E*04 

HIBs  2.31S8E*04 
H2B»  2.80331*04 

VI As  6.2316E.04 
V2AS  7 . A2S3E*04 

VI  Bs 
VaB* 

6. 0333E*04 

7 .44891*04 

NGX*-4, 1108E*02 

XN*378.0 

PHls  333.0 

UINFs  40.0 

M1A*.2.3104E*C4 

M2A*-2.8644E*04 

HIBs  2.3274E+04 
H2BS  2.8200E+0H 

VIA*  6 . 3134E *04 
V2A*  7.A»44E*04 

VlR* 

VaBs 

6.0S32E*04 

7.4639E*04 

NGXi-3 . S693E«02 

XN*378.0 

PHls  333.0 

U1NF*  43.0 

— _ - 

- 

Ml  A*  *2 .321 7E* 04 
H?As-2,a881E*04 

HIBs  2.3433E*04 
H2BS  2 . S319E  + OH 

VIA*  fc.3B33£*04 
V2A*  7 . 7726E.04 

VlB* 

VaBa 

6, 0566E+04 
7.4B08E*04 

NGXs.6,7933F*0? 

XN*378.0 

PHI-  335.0 

UINF*  60.0 

H1as-2.3S30E*0H 

M2A*-2.9760E*04 

H1B*  2.4014e*04 
H2BS  2 . 8761E*  04 

VIA*  6.6430E*04 
V2A:  8 . Q422E*  04 

V1B* 

VaBs 

6.0620E+04 

7 ,3434£*o4 

NGX*-l,208lE*03 

XN*378.0 

PHls  333.0 

UINFs  80.0 

H1As.2.4364E*04 

M2Aa-S.1323E.04 

HIBs  2.3046E+04 
H2Bs  2.3347£*04 

Vi*»  7 . 1 043E+04 
V2AS  A , 3772E. 04 

ViBs 

VaBs 

6 . 071 4E*04 
7.63481*04 

NGXs-2. 1477E+03 
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Tabla  6 

LANDING  GEAR  REACTIONS  FOR  E-3  AIRCRAFT  ON  TEST  STAND 


AlKCKAMt  1-1 

jui»a!i.a 

iti»i-i,«i  on  »i  »■ 
MA*-6  ,»Mi|  .O', 
*71*374,47 
no  > i • n <•  i o t l • i 

H **-«,, NO  0“L  >»1 

«'N*37i.J 

Nl.A  * - 1 a O.'u*  I • U * 

»»i*1i,I»iijM  *|IN 

HN*17.*,U 
Non*  -1  . 45  J'»t  IIM 
HA*-*>.  tv  JNt  • 0 * 
*K'*5  7J,ll 

NO»«  - 1 , ? 1 J*>|.  ,|i ,' 

HAi-n . 7 1 iol  ivl 

*t"»‘.7.»,0 

♦ , .1 

hA»-hl1H  /It  HI 
*74*  V 7 A,  i) 

1 5n.  *u  4 
MA  * -Tl  ,*»7  JN  too 
*N*'T4.t- 
NOXt-'l.Mirtll  • l>/ 
HA*  -u  I oi'  7ot  Hi 
«N*»  7-4,0 
Nl***-«.075Nt.,l  £ 
HA* -*.  oioll  * O'* 


AlKthAft  uO|Kt<  Olalti  nAI'H 


fuit  a. a 

SOOlt  *•>»“ 
■•h*  / .au'/ii •'>» 

m>1*  t.a 
ui>t*-i,aou7L>oa 
■>.i*  J . .I'M  7 1*  ON 

M-t»  5, a 

1.1.4  a.  I .n  7'r4t  .0  J 
"■.II  fi51*7l  • •* 

HH|»  S,,. 
1.1’T!  -a.NSN  H * 0 J 
ii  i*  r.to^t.uN 
»*■■!*  0.0 
i HYi-.A,  1 |H»/|  *0.4 
ui.*  7 .Hi  1 ll  tin* 
i »is  o.o 
I T O-O,  0,'OUt  »l>0 

H|-  * f*  , JHtl»|.  < 0* 
»-iii*  :■ , a 
i.i'iiiY, moot  • i o 
li.H  H , i,  N »■  N |.  » 0 N 
I' 111*  00.  a 

I i. T ; -t . o.'OOt  *0  0 
mi*  7.000^1  >0x 
Jo.p 

mo  a-I.OuoYt  ,1,0 
iifi*  7 , 7 7’7ll  *0n 


wlivf*  43.0 
.*•**  i*,3W*H»0.* 
*.*■  ■» , o/Nlt  • 0* 
4-lM«  iJ.l) 
I-,./*  it . 00 1*1  * 0 5 
V»»  >,•*1  7-*l  .UN 
HIIK  JS.O 

1-1*0*  l*  ■ nO  1 t*t  . U 0 
v**  '•.a0o0l*i)N 
4»N4*  >*0,0 
i’, ii 0 * t- ,iO  7ii  *0.' 

WAX  N.U»'4INL*UN 

tiro*  •*’..,  o 

It*.*-  ii  , 7 ? u Ot  ♦ 1)0 
» A*  f , 7 7“*ut  *(IN 
4 I 7.  ► a Ol'.il 
. 4'  l * 0 , NO  4*»t  *0  4 

V -4  * 7 .PrtNBi  .ON 

ill  7*  (40,0 
N4.,'»  "*,Ji00t*U0 

V A * H.,'NNt,i  » ON 

inn  a ?* , o 

i'll,  a * r.olNlt.ui 
VA*  1,4U4(4l*0N 
ill*. 7 * 00,0 
M*/»  0.5*JNt*ili 
VA*  n,uOJ#L*0N 


aH*  l,0N*it*05 


V1'*  1. 0**01*03 


*H*  1 .0N7fcl ,U5 


*'»*  l.l.“*7*l»uS 


*.'*  l,ll>5Nl.*05 


»|4*  1,  i0O5i*US 


Vl<*  1 *oS 


v*4»  1 . 0*501  *u5 


VM»  1.0VT«l»u5 


Table  6 (Cent.) 

LANDING  GEAR  REACTIONS  FOR  E-3  AIRCRAFT  ON  TEST  STAND 


X6««75.0 

Frtt*  3b. 0 

C1NF*  35.0 

NGXS-1. 09926403 

7«u T s -5  . bio2t  *03 

I.G  * s .6 1505.03 

HA*-*.  21*3t*l>4 

mh*  b. 04026404 

VAX  B.7037E.04 

vn» 

1.1 3S7E.US 

XM*573.u 

Mnlx  35.0 

blf.F*  40.0 

Nbxs-l.435bc.403 

l.bts-  7 ,23356403 

t.GZ*  0 . b 7466.  0 3 

• 

HA*-S ,4t436*0« 

(•u*  0 • 34 156  *0  4 

VAS  b . 3206E .04 

VHl 

1.17556*uS 

XN**7i.O 

► HI*  35.0 

Ulf.F«  45.0 

NGXs^i.«H70L4l  » 

t ot *-4.15496463 

Mi2*  0. 7422E.03 

HAx-b.*b  /9L404 

rrts  o, *0296*04 

VAs  7,50355.04 

vk*s 

1 .22906+05 

XN*  573 .0 

HMl*  3b. 0 

Ult.fs  60.0 

NGXs-3.«3u26403 

IvbtS-l, *2756+64 

aG2«  b.  99256+03 

HAs-4.bto2l.*(>4 

f u=  9.94626 ♦ C 4 

VAS  6 , 52916 .04 

yfls 

1.4127L.05 

XN*57i.O 

►"«!  = 3s, 0 

UiivFs  60.0 

NGx  = -S.74t5t*l!i 

..ut  = -2.<»9j4t.j4 

NC2S  4. -3766.03 

HA  = -2.bf  u664U4 

.»•*  1. 21966+05 

VAs  3.52 75E.04 

vn= 

1.73926+05 

XN=;73.0 

PMl*  *5  « u 

Lilf.Fs  25.0 

NGxs-2.3075t.u2 

I«ur  = -3.14flbt.ji 

).G2=  0.3*696.03 

MAs-6, 54H6L.0* 

*tr  = 7.65226404 

vas  9.39056*04 

Vfls 

1.05676405 

XNS573.0 

Frtl=  65.  0 

U1AF*  30.0 

NGXs-3.32se6402 

ntt*-4. 5341)6*03 

tJb2s  6.543 3t. 03 

HAs-6.3l46t.»04 

Hits  7.9145t»04 

V As  9 . 15356*04 

V0S 

1.06766*05 

KUS«73.0 

Prtl  = 65.0 

UlNls  35.0 

•jgxs-m  .t,riut*u2 

i.uis-o.l713t+03 

MiZ  = o.3155E*03 

MA=-6.O'37t*04 

h|;.s  0.22456*  04 

VAS  a . b7  35E. 04 

ves 

1.12166*05 

XN=573,0 

KHl=  65.0 

OJNFS  40,0 

NGX*-b.4073LHI2 

~~i7bts-0.0604E.U3 

hb?=  b.263bE*03 

MAs-5. 7466t.04 

Hi*  6.56226+04 

VA=  6.5504E.04 

VB  = 

1,16136*05 

XNS573.0 

f-rtl=  65.0 

UlUF*  45.0 

NGXx -7, 47646402 

UGYs-l.U201E.04 

UG2=  6.24716.03 

KA*-b . 39906404 

hb=  6.96766+04 

VAs  fc.lfl42E.04 

ves 

1.20606405 
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Table  6 (Corn.) 

LANDING  GEAR  REACTIONS  FOR  E-3  AIRCRAFT  ON  TEST  STAND 


NGAz-1 
MAS. 9 
Afl*b73 
NGA*  «2 
MAs-1 
«l|Zi,73 
«<]>=  2 
m A “ - h 
»«9z«,7i 
'll' As  3 
HAs-b 

anz^73 
M(iA=  3 

HAS.  6 

ANZ*7  J 
HGas  b 
HAS-b 
»Wzb73 
AiGAs  A 
MAZO 

ANz*73 
MGXZ  1 
HAs-9 
ANzj7  3 
9GA  = 2 
HAS. 2 
XNZ373 
*9bXz  3 


0 

Unis  B3.0 

ulbFz  bO.O 

3271i.au  1 

r.GTX- 1 ,613bE*i,9 

7»u2*  6.1129E.Q3 

1102t*G9 

i'||«  1.099bt.Gb 

OAs  b . 62  72L  *09 

VHs 

1 .37 1 7L  + G5 

0 

tills  bb,u 

UllFz  *0.0 

3b29L«0  5 

I>i.yx-A,2292t909 

i.i/s  7 • b 729E  *0  3 

bIoVl  »9» 

Hi  s l,31zlL*[,3 

V«Z  9.919*7.09 

yHa 

1 ,6bb9L.0b 

0 

i-iil*  9b. 0 

utl.fs  2b. 0 

,bt  v>»L.02 

l.uU-<.  12H6L  *0  3 

Id/i  tJ.b392L.03 

, B 0 Bt-  L ♦ 0 9 

inis  7.907UL.09 

V As  9 . 6U  0 6L .09 

y«* 

1. U9l*l»03 

U 

pul*  93.0 

UlwFz  30.0 

Ba6bL  .0< 

ivbl  z-3. 053  7t.  03 

i*H2*  »* , 5*931.03 

*•  0 o*L  ♦ u . 

IK'S  7,bblAL.iJ9 

oAS  9.O299L.09 

vqs 

1 . Obi»L*o5 

u 

fills  93.0 

tun  3b. 0 

0 39  Ol  »o2 

.t-7z-9.lB9bt  .c: 

i 'i?=  t- . b*  331 .03 

17btl.09 

nrz  7.  7936L  .09 

y As  fv.b976L.09 

y(>* 

l,0***L.0b 

u 

Hill*  93.0 

Ull-r*  911,0 

,S751L  me 

i.i  7S-3.939bL.ui 

t.G2*  6.7119L.03 

903*t..U9 

Hits  7.9SH3L*0*» 

y»s  *. 62091.09 

yHz 

1.11621*05 

>0 

HHls  9b. 0 

otr,Fs  9b.  0 

i 32  Ui  *y  2 

i.nTs-B.atutbtAOb 

i.vt2=  u . 7 rt 93L  .03 

, St77t  t L* 

1 JS  0 . 1929L  *09 

VA*  7,09361.  .09 

yUS 

1 . 1M5L.0S 

,U 

HHls  9s. U 

ull.'Fz  bo  • 0 

vH799l.D 1 

1 l.Ys-1  ,22j9l«0'< 

t 07.  t.oloOt  .03 

, 9bc9L*U9 

nils  9,U771t.U9 

SIS  b. 310*1.09 

y 0s 

1 »279*L*03 

,u 

HHls  93.0 

UM't  80.0 

>b3U0l*u3 

Nurs-2, 1736L  .0** 

fi  02=  9.b3b9E»Q3 

* 

— 

.BbiltAOb 

HU=  liOb99L*05 

VAs  3 . 99b6L.09 

yPz 

1,4^0L*Q$ 

.0 

HHls  123.0 

GlNfs  23.0 

UVabt.Ji 

iViTr*  -V.  o 313E > o 3 

r.G2*  6.62  7 2£. 03 

- 

~ . 

i.4 


HAz-b.7379L.G9 


tilts  7 • 1916E  .09 


VAs  9»30b?E*09 


V0z  1.0299E+05 


Table  6 {Com.) 

LANDING  GEAR  REACTIONS  FOR  E-3  AIRCRAFT  ON  TEST  STAND 


XN*573.U  FMl*  Glf.Fs  30.0 


'HGXs  4.b8b7L»02 

.‘.07x-l.44S9E.oi 

l.'iz*  «.0U62EhQ3 

MA*-4. 5979c.  .04 

ntis  7.2513E.04 

HAS  9 . U329E .OH 

Vfls 

XN*«73.t 

FhIs  1*5.0 

ull.Fs  35.0 

<XGXs  6,b5i4t.*02 

Ub7*-2.021  Zt.ilS 

bC*s  9,*177t.0S 

M**-b.H  *.Hi.««4 

nris  7«3221L*0H 

VA=  h. 7J94E .04 

WHa 

XNs;73.il 

Krtlx  125.0 

tlfFs  40.0 

NbX*  4.b8V4L»02 

uur*-2.»40bt»0i 

> 02 s 9.4bI«E»03 

MAs-*.*H15t ♦ OH 

mu*  7.4043L.UH 

V»s  o.33bOE*OH 

Vila 

XMr‘-7J.O 

Hhl*  125.0 

Ulr.Fs  H5.0 

PtGX*  l.uS95t.u3 

'.uls-3.3H21t.J5 

fGZs  7.738HE.03 

= (UieJlLtLl 

r bs  /.h958l.uH 

HA*  7.9129E.0H 

yUs 

XM573.0 

fMjs  125.0 

olKF*  60.0 

*GXr  1.95h7l.l3 

i-i.Ys.-^.VHlSE.ai 

M»*s  i.u76HL»04 

HAs-3.2235l.G4 

f.{»s  7*b377t  + 0H 

HAS  t-.34H4L.04 

VR: 

XN=673.0 

HHls  125.0 

blhFs  flo.O 

"ISA*  3.H75GL.05 

l.Ors-l.l)5biE  .30 

NG2«  1.2546E.04 

HAs-3.797bL.0H 

Ht-  rt.4H57E.0H 

VAs  3.5570E.04 

vH= 

XNSi,7i.U 

f.ils  155. u 

UlfnFS  25.0 

NGX*  3.253$L.ul 

I.GYs-3.l99lE.ui 

l.bZs  8 • o 029E .0  3 

HA=-7.001lL.UH 

hdx  7.0134L.0H 

HAS  9. a573E. OH 

HBs 

*Ns*7S.O 

t .-1l  = 155.0 

t*  ifnf-  a 30  i u 

NGjTx  4.bf37tH01 

■'fb7s-7.H6b8t.01 

W62*  o .6833E .0 3 

HAs-b.97o9l.HU4 

Ht.s  6.99H5E.0H 

VAS  9.8254E.04 

VB  = 

XNS574.0 

►'nix  155.0 

Ulf«F=  35.0 

NGX=  6. 3777LH  U L 

Ub7*-1.0190Et02 

iJ«s  8.7782E.03 

HAS-6.9463LH04 

Htis  6.9723EH0H 

VA*  9.7885E+0H 

vas 

XN*573.0 

HMI=  155.0 

UinFs  40.0 

NGXs  8.33U1LH01 

hbYs-1.3310EH0* 

NG2s  6.887 8E .03 

MAs-6. 9l53tH04 

HB«  b.94b6EH0H 

V As  9. 7455E+04 

vas 

• 0455E.05 


.06<*5L»05 


.UabSL.03 


,1113L»o5 


.2034t.05 


.3b71t.oS 


,eb3lt.u4 


•S341E.0H 


.7996t+04 


. 7602E+0H 
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Table  6 (Corn.) 

LANDING  GEAR  REACTIONS  FOH  E-3  AIRCRAFT  ON  TEST  STAND 


*6*573,0 

Nfru*  1.05431*0? 

HAa-6.67  751  ,y» 
*5*573, u 
46A*  1.67401  *lf4 

*6=473. C 

MUK  3. 30 1 Ot  ♦ I ? 

fA*-o,45*i-L*04 
*l*47J.  0 
Mins  5,7?  7 71  *1.' 

HA**T , lbjVL  *u4 
*6=573,1 
60«s  3,S<*»ii  ♦ l »* 
MA  = - 7 •1*‘0'»U*U'4 
*•*373. 0 
6(»Xr  4,36551  «i.-» 
Nls*  7 
*N=573. 0 

ng**  /.uioM.o.' 

HAs- 7 , Stub*  * 04 
*n=473.  n 
MG**  A.  to 7 <j  It  .02 
HAs-7 .37301*04 
*6=573,0 
6Ga=  l.t>7o91.03 
NA=-7, 61541*14 
*6*473.0 
6GX=  *.60341 *03 
HAr-ft,  057bt  » o‘: 


h«i«  iss.a 
Mi**l.6045t»O2 
•"il  o.417t>t.J4 

• hI*  lbs.0 

l.l  Y*-2  . 7*>4  7t  .02 

I'M  b. 00501.04 

7.11*  13b. u 
'171-3. 3235C.U2 
r»f  * b«&l02L.y4 

• nl*  10b.  u 

1 7 = ». 00471. yj 

mil  U.7OO01-.JH 
I *H*  165.  .. 
i.l-T*  l ,4*j40L.  i' i 
l-l'S  O.bbbUL.jO 
7Ml*  105.0 

...Ii  1.47411.03 

i,,  s a.37bHi,L>» 
.•■Ml*  105,0 
.o  r = * , 50501  >33 
Ilf*  4,l»7ii.»fl4 
mil*  165.(1 
l.iii:  =.271«t«03 
H(J*  5,4305f.(J4 

• Mjr  Ub.O 

1,1.7*  5.dltt2t*03 
nB  = 5 • 3 550L ♦ 04 
•'Hi*  105,0 
Nor*  1. 03401*04 
HU*  3.50011*04 


116F  * 14.0 
M2*  4,01151.03 
VAX  4.»4o0t..O4 
ull.A*  4H.0 
'•»/*  4,4  72ot*03 
VA*  4.  blt.3L.0t 

1 1 k # * #0.0 

fill*  l.u<?40t>04 
VA  = 4.14,»?L.04 

!'»•*■*  54. O 
M4  = 5,041*01.0' 
VA  = 1.03331  .05 
Hf.Fs  30.0 
'.>'•2*  1,31341  ,03 

vA*  1,05141.05 
11 1.7*  35,0 
i '>«.’*  4,442  71*0  3 
v*  = 1,07351.05 
lll.F  = 40.0 
I l.l*  1 .001  7t. 04 
V A * 1.05771.05 
HI.*  45.0 
'f 2“  1.0141L.U4 
|A!  1.12501.05 
1117.3=  60.0 
Mi.'*  1.20131*04 
VA*  1 ,52071*  05 
OISF*  00.0 
•02*  1.40071*04 
VA*  1,4  1 221  *05 


VHl  5.71541.04 


VH»  5.S44J1.04 


VH*  4,5  3401 ♦ Ul 


VH*  4,  l##>‘t.fl4 


*0  = #.03341. 04 


V»1  = 6.43041*04 


V«  = 7.56511*04 


V«  = 7.40501*04 


VB*  5.S4#61*o4 


VB*  5.1416L.Q4 
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Table  6 (Cont.) 

LANDING  GEAR  REACTIONS  FOR  E-3  AIRCRAFT  ON  TEST  STAND 


XN»57S.O 

PMl*  *1«,.o 

01AF*  25.0 

’«<»**  2.70*0t»l?~ 

"■uts  2.209«E.o3 

•>02*  6.53771*03 

— 

M**“  7.  <•  1 3oi  ♦ t it 

►t*  ».3»s!l.OH 

*A*  1.0b77E»05 

wR» 

• • 2h2  7E+0H 

***573.0 

tNl*  2lii.ll 

tlt.F*  30.0 

NbXr  3,V0O9t*U2 

|*L»S  3.1815C0J 

'.G2  = a.b«7it+03 

HAs-7.573st.ui* 

nil*  o,3  9o7l.n<. 

has  l.o  718E+05 

VPr 

fl.5H0flE.0H 

XM*«73,U 

Hhl*  Ol5.,| 

C.I.Fs  35.0 

"•’A  = 5.3l*6t.<2 

*-ui  = ‘•.33V*tL.C3 

' u2*  e.u303L«03 

►*A*. 7. 7»  vbt.u1* 

mi*  b.lSSdL.HH 

*i*  1.10J3E.0S 

WHS 

B.5flH0l»0H 

XNs«-7,*.0 

► Mis  21i,J 

OiivF*  *0.0 

MOXr  .be 

1.1 >1*  5.S5S0L.C13 

1 i#2*  b.72O7t*03 

H»*-7  ,77oit  *i 

For  3.bfcHl[..)s, 

*A  = l.i332t«05 

VMS 

B. 17221. oH 

***573.0 

UUs  21o.U 

tli.F*  **5.0 

■xbXs  b.777UL»t-.> 

1 L T S / * 1|J  J 

< 02=  r.ooOSt.OJ 

hAs-8.22  *tt  .t"* 

nj.s  3.3728t.(>« 

VA=  i.l7UHt.05 

vHs 

7.7036L+UH 

Xfi*f  73. u 

F HlS  <l3«u 

tur.Fs  60,0 

NbXs  1 . ‘jt  jtL  ♦ 0 

'.17=  1.2726t.J. 

l.u/s  9.u«9b2t*03 

MAs-b.127lL.OH 

t'OS  H.Hlb2t.<>l* 

VAs  1.3UB5l»05 

Vfla 

3.9762L.UH 

A*=573.o 

Frits  21b. 0 

Ollif;  80. 0 

M6X*  2.77mtt.UJ 

i.i»T  = 2.262Hl.oH 

162  = S,b71H.03 

HAs-l>07Juk.*l,S 

nsi  2.3bd3t  >u« 

VAs  1 • 3S90L+05 

wPs 

2 • 90 19L+UH 

Xfs*7i.O 

Fnls  2‘**j.U 

ulKFs  25,0 

H6**-2. 

unis  3.8J76E.03 

l 02=  O.39.8L.0S 

■ 

HA=-7.7b23t.a<* 

Htts  b.‘*21**t»uH 

VAs  1 . U7*.3LF05 

VHs 

9.2160L.0H 

XN=373.U 

PHl  = 2*5,0 

LilK'Fs  30.0 

NbX=-3.0“‘*bfc..U2 

l.uY  = 5.52S1E.03 

!J62=  fc.3d35E.03 

HAs-fl ,07 301 + 0H 

Mbs  b . l*22t .0* 

VAs  1.U01E.05 

VRs 

6.902HL*0H 

XNSS73.0 

PHls  2H5.0 

UJKF=  35.0 

* 

NGXs-H.2i2St.02~ 

M/T=  7.5216E.Q3“ 

M>2=  d.37U2E.0S  ~ 

HAs-fl.  HH02t.0« 

MB*  5.8122E.0H 

VA*  1 , 152HE. 05 

VB  = 

8.5316E+0H 

i 
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T»bl«  6 (Cont.) 

LANDING  GEAR  REACTIONS  FOR  E-3  AIRCRAFT  ON  TEST  STAND 


• Ml*  291.0 
9.8292L7n 3 
mu*  3.4314L+U4 
•-Ml*  2HS.u 
iiGT*  1.243*1+09 


XN*»73.0 
«ttX*-5  + 50<ll  + 0.> 
HAi-a.SbibL^lM* 
XV*573. U 
"NGX*-G.9b.SGt  + 02 
><A*-*. 39  + 11  + 09 
XN*573.U 
NG*  = -1.23t>ol  + 03 
HA*-l.ll»+t+03 
X*»*5  73*  U 
NGX*-2.2GuSl+0 3 
*A*-1 .9io71+y5 
XN=»  ?.*  ,0 
•*GXs-5.9t  uJ'l  + lV 
MA*»7.b3eet.  i*9 
XH=573.P 
l7GA  = -V.eb*71  + 0*; 

mA=-7.(«952l  + 09 
XN==7i.U 
NG*=-l.U7Uit»u* 
MA  = -a,19o*t  + l.9 
XN=*,7i.O 
i4GX  = -1,3W(*l  + u3 
MAs-O.  59791+09 
XN=57 3*0 
NGX=-1.7t-9lt+u3 
HA=-8. 99911+09 
XN*573.0 


km*  *.99981 +09 
t-MI*  2HS.G 
I GT*  2.21U'*L»U'* 
*,(.*  3.9UU5E+J9 
•-Ml*  295.,) 

..i  t*  3.9297t»C‘4 

Mt.s  5.5l«:9t  + j3 

•■hi*  275.0 

■Ats  3.9329L+yi 
rt>*  u. 53311+09 
•-mi*  27&, n 
i.t.1:  9.99391  + o.s 
KM*  ...3319E  + 04 
FmI*  275.0 
I.ufi  O.72o9t+0i 
• ':*=  O.U7U3E+U9 
knlr  27^,0 
liuT  = 3.  70821+0= 
IB*  5.7b0bl+)4 
•-Ml*  275,0 
1.07=  1 .11231+09 
Mt>*  :>.92«»6E  + 09 

HMI=  c 75  * 0 


ClFcF*  90.0 
:.l»2=  b.3599c’+03 
97  = 1 .20 12E  + 05 
UlNf*  95.0 
IG2*  o • 33751  *03 

V A * 1.25b5L+05 

Oil  b*  bO.O 
I.&2*  0.27301+03 
t.  A*  1.9ol5i«05 
uii.F*  so. g 
ro2=  o.133h£.03 
tri=  l.a2*UE+05 
Oil  F*  25.0 
Mj2  = (-,99001  + 03 
v«:  I . Jb99C+05 
L'lr.F*  30.0 
1.02=  o.9987t+C3 
VAi  1.1038E+0S 
01>.F=  35.0 
102=  b. 95891+03 
nA  = 1.19391+05 
oil  F*  90.0 
Iv02 * a.47Uet+03 

V A*  1.19U11+05 

Oil  F=  95.0 
liG2  = 6 • 469  l£  + o 3 

V A*  1.2925E+05 

ulNF*  60.0 


9(1*  A ,103*1  + 09 


v«*  7.bl9lt.09 


vH=  5. *2251+09 


vrts  2. *2651+09 


VH=  9 .27091 +09 


4«*  0.9*131+09 


• a . 6 5911  + 09 


VH  = 6 ■ 2992L+09 


VB=  7.7967E+09 


NGX=-3 .19311+03  f.GT*  1.97791+09  Ijo2  = B. 53381*03 

MAs-1 . 091 5E+G5  MBs  9.15911+09  VA=  1.4366E+05  VHs  6.13A31+09 
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Tabic  6 (Coot.) 

LANDING  GEAR  REACTIONS  FOR  E 3 AIRCRAFT  ON  TFjT  STAND 


*5*573.0 

HmI*  <71.0 

dUFj  BO , 0 

4fc«*-5. 34121. u3 

..biz  4,11541*04 

5t»2*  B, *2201*03 



M*a*l *01 

••»'*  1,40*01.04 

VI*  1 . /A lot *03 

VH*  3.14001.0* 

*N*574.U 

* ”1*  401.0 

41H  * 25.0 

Wu.jiboU  .u» 

i-v-tz  1.04blt*[)4 

I.U7*  0.14*41.03 

HAs*7«  3Cu7t ♦ b* 

i'r*  *.42451.04 

VAZ  1.04171.05 

v**=  4.5*711*04 

X. '*473.0 

t>il*  aoa.u 

bill*  50.0 

bl  T*  l.S79«L*t  • 

fbV*  t.l5»2l.03 

M*a*7  «HlitrA  • l*» 

I'U*  t»  . 06  +L'S 

VA*  l.uboK  « 5 

v°*  *.40741.04 

Ih*«.7i.o 

*«J*  iul.ii 

UlM-'s  Jl.o 

4bx*.l , lc*4t ♦,  3 

'41  = 2.14b4t.UJ 

1 l>2*  . ,6Si?l  .04 

HA*-7.54/it.t,, 

► tiz  b,  75*21  *1)4 

vA*  1 . U5A4 1 .05 

"H*  9.21471.04 

*M*  73,0 

►Hz  AOS. i. 

till*  40.0 

*f.A*-l,445lL.i,  j 

l.viTS  «.',d^6Ll+oJ 

!»•«:*  r . 7S24C.03 

HAx>7  ,ii«  7«.l  «i* 

*i,i*  / lb  *0h 

VA*  1. 12001.04 

V*1*  4 . 0 U2ll  *04 

*5**74. 0 

»jmIs  iOD.u 

till*  45,0 

NOli-1  ,r;v,ct+l  » 

'.Ul=  M5l4l.;|„' 

'•07*  C.OlLOl.tJ 

HAr-  7 .f>.  out  .04 

i l>  = b,*2b*l  *04 

• A*  l.lt.A'Jt.Ol 

V«=  b,73bM.u4 

*N*r  7 i.C 

Hm[z  405.  G 

bill  fcO.O 

4G  * z - o , 2 5 1 gc  »t« 

V.i  iz  O • ibt  ♦Co 

1 »i!  4 , 1. 47t  .03 

HAs-B.4444t.u4 

•»f>s  + 

V A = 1,74701.05 

Vt'*  7 . fl*4bL  .04 

**«*S74,0 

t ~ i - im 

- J * — • V 

bU,U 

Nb*r-5.  76061  .0  4 

aujz 

■ •07=  ‘•.■>7071.03 

- 

HAs-5.b220L.u4 

»*b=  t)  ♦ bVotsL 

V A*  1.14451.gb 

vR=  b, 22441.04 

XN*574.u 

7MIz  44S.0 

OH, 5*  25.0 

NG*z-4,lb05l.u2 

f.OYS  l.USIBt.Ot 

''■02=  0.40151.04 

HAs-7 .14J4L.04 

i'll*  7.U44t.04 

V»  = 1,00701.05 

V«*  1,00001.05 

*N»S73,0 

Hil:  445.0 

UkH  30.0 

NG*z-4,6BU0l.U2" 

'.or:  1. 44741*0. 

M>2  = 0 , 44421.03 

- 

HAz-7.lB14t.U4 

»'tt*  7, 147 4t ♦04 

V A*  1,01421.05 

VB=  1,00421.05 

Table  6 (Cont) 

LANDING  GEAR  REACTIONS  FOR  E-3  AIRCRAFT  ON  TEST  SfAND 


IN*S73.0 
«lG*s-k,;33‘>t«('2 
H As-7,.22  73t»0>. 
IN*573.G 
NGl*.#.ll|*2t»0.! 

HA*.7.27V7E»U<* 
XN*b73.0 
W>XS«l'U3tOL*U  < 
MAs»7.3J*li,.l>i. 
XNsb7J.w 
NSXi-1, t itOL»U3 
M*s-7 . ibb^L «v» 
Xfts*73.U 
AKiXs-3.2ie-ii.HGJ 
H*s-7.  bLHGM 


>-Hl*  335.0 
nuts  2.0.1T»C*fi 
hi**  7 ,iau4t.«0>< 
HHl*  335.0 

•.1:71  2 .t>bi#L»(  < 

tins  7.21#3t»'Jb 
ChI*  33b. u 
•■■uT*  3.36oeL«0.. 
ni:X  7.iiGl"»t»U<» 
hhI*  33b.ii 
..oYs  3.?OV0t*Ji 
ml:  7 . *2 1 00 ♦ 0 n 
Cnl*  33a. 0 
1'i.T*  l.Ut«*TL*H3 
hi,*  7. 7C‘(*t»Ui 


b 1 r>  * 35. 0 
7.GZ«  o.  saint  *03 
VA*  1.U205L.05 
b 1 fif  * <10. 0 
>.«/-  ci.37dlt.»03 
VAs  l.u239t*05 
ulr.H  «b,0 
l.iUs  o. 3573C*  03 
J A s l,o3dlt*05 
Ull.F*  60.0 
. b/s  o.alldtbOS 
V As  1 • J7*40cb05 
bl  i.(i  s #0.0 
<•  GZ  - h.x2^3tiCl 
VAs  1.1370EAO5 


0«*  1 ,0065005 


«H*  1. 011200b 


Vi<:  1.01601*05 


VHs  l.OJHOOoi 


V«s  1 • 0b59  005 
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Tabla  7 

LANDING  GEAR  REACTIONS  FOR  E4  AIRCRAFT  ON  TEST  STAND 


iM.12.0 

7"1*  i.J 

bl»7l  25.0 

NGX*-1,.2»5l*<.3 

• krTl  7 . 5930L.  o & 

<G2*  *.<.1171*03 

"U«-l,7!  /hl  ♦(.  9 

*■  1*  s 1,hh70l*05 
*.  i *.m*t.(* 

vlA*  ,-.<<.19C*C« 
VlA*  2..7«5l»03 

V IP* 
V2"* 

i.OHttft.05 
1. 2031E.O5 

tNlM2.br 

> "1*  5.0 

Uli.fl  30.0 

Nb«*-2.3<*o5L.i  J 

r-Il  i.UbNTL.ji 

1 «2i  2.ll»1£»09 

"1*1-1 .c017L*u5 
"2*1  l.9C**«*L.C3 

**l*i  1.585bL. OL 

n.tS  tt,*H*!il*l’W 

V 15*  2.255QE.05 
v2A*-i.to**5E*9H 

* IP* 

Vl4* 

2,00701.1*5 

1.h70hl.u5 

*N**12.U 

► '•  1 1 5.0 

ulLr*  35. 0 

NbX*-3.193»L*i3 

*iuT : 1.nhv2L*0* 

M»2*  2.0le7L»Q3 

"U*-l.o77tl.0^i 
"2*1  1.J8,.1l*v*» 

t*l:i  1 ■ 50o  7l  *05 
"2  b*  J.9lH0t*0H 

017.1  2 . 3 55lt*  05 

V i A *-5 • < i 31l ♦ ON 

VlHl 

V 2*3* 

1 . 9*  7*t  * 05 
1.7eb3t»Ci 

INI* 12. U 

7-  ri  1 * 5 . j 

b|i>:  HO.O 

N6X*-H,17Ut*0) 

K.ll  l.tt92ttl»JJ 

r.02*  2.0231E.03 

os 

"2*1  2.1110L.U** 

7*  1 j.*.  1.2222L.05 
"lb*  7,02eAC.C" 

V l*i  2 . 39n7£ *05 
v2£*-o.D5tt5t.O** 

vin* 

V2"s 

1.9O05L.05 
£ , 15  Of L *05 

XN*bl2.0 

P*l*  5.0 

ult.F*  N5.U 

N«X*-5. 27*71. 03 

LOT*  2.395t£*o3 

<\Gi*  2.0  25 It .03 

"l*a-2. 0bH9t* 03 
"2*i  1.277H.0* 

"ltti~l.T2N2t.05 
"20*  tt,2ttol)t.oN 

vl*=  2 .Hb 1 3E .0? 
vrAs-l.25Hlt.05 

Vi"* 

V2H* 

1 .8  35ft  «u5 
2,it3»E.c*5 

*7*1*12 , 0 

PmJ*  5,g 

UjNFs  bO.O 

NGXl-1.3it.2L.u3 

!*N T*. . 9 ,25tt8t»(|3 

I vW*  2.0Hbbt«03 

* lAs-2, 

H2A*  7 .5?o1l ♦on 

"In*  7.d107l*0<* 
"2b*  1.2Nb2t»0S 

VIA*  2.70ttlt.05 
.O927E.05 

vie* 

Vl": 

1 ,5 9521*05 
H.09H*t.O‘; 

XNsA12.fi 

Poll  5.n 

l»l*k.  7 "0.0 

NSXl-l  .bbtt7L*0H 

>*gll  7.5712L.03 

i*&2*  2. 079 HE. 03 

"lAi-3.OfDbL.05 
"2«i  1 . 52o0t  *o5 

"loi  1.15H5E.0* 
H2o*  2.127U.05 

VIA:  3.1Ho9E.05 
v2A:-5. :5O3t.05 

via* 

v2e= 

1.1702L»o5 

b.i30JL*05 

*N*bl2 ■ 0 

fHl*  35.0 

ulKKs  25,0 

NSXi-l.8222L.03 

1*1.7:  2,25261.03 

h&2*  2,i209E.0] 

"1*1-2. 0053L.05 
"2*1  2.o575l.0* 

"It.*  1 . 1607L.  0 3 
"20*  7.297«7L*0*t 

VIA*  2.5250L.O* 
V2A*— ».9tttt2E.0H 

vie* 

V 24* 

1.7b7»t.05 

2.2115L.C5 
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Table  7 (Cont.) 

LANDING  GEAR  REACTIONS  FOR  E-4  AIRCRAFT  ON  TEST  STAND 


* ‘**12.0 

*“t*  33. J 

01i»F  = 30.0 

’',6**-2.b?4U.  • j 1 

'•US  3.2*A7t.oj 

''«2*  2 , 31b21«03 

- ■ - 

••  1 A * . 2 

“2 A = 4 . -3o  Li  « g 4 

“l.-s  1.  JOuOt . Ja 
' 4.-S  S.3uS*t,  . 

VIA*  *. <>9261.05 
V2AS-1, 71U.L.01 

vl“* 

(*4{ 

1 .60241-03 
2. 32251. 05 

("'•!=  33.0 

tl/fs  33.0 

4GAs-3.37.ti  * 

'.tots  4, 45301.03 

'•02  = ,.42661.03 

"2*s  ».397ut.o4 

» l'-s  S.oto37t«c» 

' - to*  1.41131. o3 

VIA*  4,67071.0* 
v2As-. .3243l»01 

Vl“* 

V24s 

1 .40661 .o3 
!. 76261.03 

►Ml*  33. v, 

0116S  40.0 

NUA  s-4  , ...  4 **t_  , 

-to  1 S 3 . 7b»31  »U  3 

'■  to.’*  2.31671.0} 

“ J A * - 2 • to  3 i *•  t ..3 
"?A* 

"Its  3. 40271. yc 

'•.'!*  1.3l2tot»:)3 

V 1 AS  j, 1 193i .0? 
V2A*-3.4Ao2t.03 

Vl“  = 
V24  = 

1. 161 2t» C 3 
».  73241. Q5 

*'•*612.0 

►'ll*  33.0 

4 1 7*1  * 4 3,0 

46AS-5  , *1  Hy  t .J 

• •of*  7,2463t.o3 

• 02=  4.70341.0* 

"Ias-2. ’•Jilt.*: 
•*?**  1 .37lB, 

''It-  - , to  1 1 3t  • J4 

► it  * 1.03341,.)- 

V 1 »s  j . 3 7d4t .03 
V2AS-4. 3704t.CS 

VIPS 

V4U* 

9.21471*04 

1.631.1.03 

'nm.o 

M.l*  33.o 

11  M*  too  • 0 

NGXs-l  . C4-)bt  . y» 

l u is  1.23  731.04 

'•1-7=  3. *31 61. 03 

HlA*-3.47oot  . o 3 
"2Ar 

> l.-s*  7 . 73341, 04 
= S.lldtot.os 

VlA  = 4 , 3 Jdtol .01 
V4AS-O.3664t.0i 

01“=-; 
v 2H=  ' 

i.  22231 *u3 
". *0331.03 

*f  sfU.O 

'"Is  33,0 

1171s  »o.O 

"“•As-l.dttoCc.tLH 

'■  H T * 2 . AGobt , Oh 

'•to.-s  4,22161.03 

•*?  ts  4,el7rl.o15 

••lt-s-to'.bl24t,us 
f»i’:  3,3l>70i,y3 

VIA*  o.u43bt.05 
V.'As-i.  37321.  Oft 

Ol‘ls-1 
024  = I 

. . 7 f 7 0 1 .05 
..71431.0b 

*4=612.0 

►Mis  c.3.0 

liAFs  25.0 

4 aAS-5. 2l'4>. i . g. 

PlO  T S 1.30141.110 

l.ol’7-<tiOJ 

“ 1 As -2 . 0639c.  *03 

“2A:  3 . to  9 a c c.  .04 

► If*  1,10721.03 
“4r-  = 3,24331.04 

V 1 As  2.o2*3t.05 
V2AI-1 ,33031.05 

V 14=  1 
V24s  2 

,6635t.G5 

.32101.05 

*4=412,0 

f-Ml*  65,  y 

Ulf.Ks  30.0 

NGXs.? ,4944c.  f 2 

'•01  = 4, 71471.03 

462-  1.72151.03 

“IA=-2.3093i.C5 
“7* ; to • 31  7tot  »04 

“lo*  d. 34251. 04 
7'fi'S  1.06/11.03 

VIA*  2 .63371 .05 
V2AS-1.1 7601.05 

V IB*  1 
024s  3 

.46091.05 

, 3t*6 11. 05 
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[ 


»nhu,  o 

a"l*  k3.o 

.(M * 35.0 

k*AA«l  ada  UlL  aw  3 

>.<7*  fc.»7i;c«oi 

i.d/x  l.bl93Ca03 

MlAl»2  .^OLl 

M?Ax  9. <2131  ac< 

Minx  a.<239l«o< 
f.-ns  1 a 397  AC  a o3 

vl*«  3.dAS<ta03 
v2**-3. 1 79*C a03 

vlB* 

v2B* 

1.2<l*lao3 
< , 3b9!£ al3 

••“dU.d 

►*'t*  kS.d 

dl'.H  <0.0 

sSu.l.JVH.d 

'■all  u.nj^etao; 

f.c >2*  l. 5013003 

MlAx-2,tt*75L.03 
M2Az  li  ifwa^n  * 

nli>x  3.32illa0< 

M.,  X l.  7SS3i..o3 

Vl»s  3.37371  ,03 
l2»x-a, 3 33  3C*  05 

Vlft: 

V*Mx 

9.4313L.U* 
3. 32<3C ♦ d3 

• *<**12.0 

*•<1*  k3.d 

ull.ls  <3.0 

Nt»XX»l  , lfl.il  a J > 

■ it*  l.dfetBLaila 

i.oli  1.3o79l.0» 

7 i'c  *03 
m2*x  1 , 7e*Jc  *i'5 

"l"«  2,lU0Lai,l 
• a3x  2.  UlOtadd 

a IAx  3.  7JJSta03 
a Ax-  3 . *>»3  It  a 0 3 

V lM: 
»29z 

A . 3200tad< 
b.C 33Tt*03 

«k:A12. U 

K 1 % 1 : k3,.l 

blf.rs  o 0 , 0 

■«>*X-2.9Wo».acl 

’.lit  X 1 ( 9l'19[  aua 

* o. 72s3t  aC? 

Ml »«•*, «^:ol(oj 
M2Ax  3.21<7l_a«j 

Hl.-l-l  , 19kSt • Jt 
a « • X ),<t«t>tal,3 

vlAI  a.01J8La0« 
a2<**l  .t*»9t.a0b 

via** 
a 2ft: 

•3.01,3vL«o< 
V. lMSktacb 

>M*A12.(' 

t'Mj:  t>3.c 

bl’.as  aO.O 

Nfi»S-3.3.  <<cac  i 

. V x 3.3AllLad< 

..«2s-7..io7C.OO 

MlAx-k  ,1(«U  auO 
M?»x  S.Bfalt.Ld 

» lax.J. 3b<kt  add 
*'*  i>:  n , 337bt  add 

a l*X  7.lo2.3Ca03 
aJSsal.vUetaOb 

alft*-2.i71!tay3 
V2ft*  2.031  Hack 

*»'*»12,d 

► 'il  x 93. o 

i.  IM-  * 23.0 

"•GA*  l,07i3taci 

1.07*  Aal7o9La:j 

:.W * I,7arl2ta03 

MlAx-l.Olbit  . J3 
M2»s  l,7fc,;i..ii 

i-ljs  1 a 2d  7 ot  add 
M22s  t>.229<t.a0< 

a 14s  ..<2t.3C.05 
a24l-7. J3<9ta0< 

v 1 ft  * 

V2HX 

1 .8M2taCd 
1 ,a73fcLac3 

*N*A12.U 

Kills  93.  j 

d|f>x  30.0 

NGAx  1 • 3<33l ( ( J 

l.uls  a.377btad} 

N02s  l.39obta03 

iU:-2,CmlmiS 
M2»s  3,33?c>t.  a<J< 

Mli'S  1. 1 1 12t  *i'b 
•<dbs  7,9b7t)tau< 

V1AX  2 a 33dbL ♦ 09 
V2Ax-l,«;7a0CaO9 

V 1 ft  X 
V2ft* 

1. 7?2<£ .03 
2 • <3b0t  a 03 

x**feia!.u 

I'm  lx  9 3,  u 

dlf.f=  33,0 

NSXx  2*10 3e>L  a u 3 

ft bV:  o,2307£aG3 

Ad2s  1 . <<9<£  aO  3 

Ml  A x «2 • 22 93  c add 
M2A«  3.t,3a;tad< 

Mlb  = 9.  373<lafl< 

'■  a t*  = 1,00  22£aod 

VIA:  2.t>?7<CaQ3 
V2A:*l ,93<b£aOS 

VI  B* 
V2P: 

1 . 37021a  0 3 
S,100S£a03 
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X**6I2.0 

NSX*  2,7476l.03 

HlA*-2. 42491.05 
*2A*  #,OU7l»u 

1**612.0  

4GX*  3. 47741.0.1 

H1X*-2,<,4<,M..U‘) 
«2*j  1.06U8E.U5 

XM*bl2. 0 

NGXr  b.lEiOL.i.3 

HlAi-3.4670t.0b 
H2Ax  2,09o7t.C9 

Xh*612,U 

NbXr  1.097nt.04 

HlA*-4.92blt.0a 
H2A*  3.90o3L.oa 

XN*612.0 

NtiX*  1.15S7E.U3 

HlAs-1. 76781.05 
H2As-l.U7o2L.U3 

Xh=6i2.0 

NGXs  1.16421.03 

HlA*-1.64o41.05 
M2Ar  8.4itiSs..U3 

*»*-bl2.U 

NUks  2,26lilt.03 

HlAs-1, 94141*05 
M2A*  1.97391.04 

*N=61i.0__  

N5x=  2.95c5t*03 

HlA=-2. 04661.03 
H2A*  3.27a7t.04 


HHI*  75.0 

Not*  6.13801.03 

Mir*  7,37631.04 
Min*  1.23731*05 

tLnl*_SS.11  _ 

i.ut*  i.03U0E.04 

i-Uis  5,11191.04 
Milts  1,38791.05 

Phi*  95.0 

I.OT*  1 . b31UE ♦ 0 4 

Mlhs-i.2fl79t.04 
r>i»‘*  2.3033t*o5 

HMl*  7b. g 

-Dt*  3.25321.G4 

nlr*-l . t>221w*0‘J 

nr,-,:  4. 27341.03 

t-nl*  125,0 

l.uT*  2.16U0t+ui 

Min*  1,42811.0a 
Mid*  4.18601+04 

t-Ml*  125.0 

1*0 T*  3,11041.03 

hi  Li*  1 , 35o4E  *0  5 
hius  5 • 02801 .04 

Phi*  125.0 

NoT*  4.23331*03 

Mills  1 .27161*05 
Mills  o . 02  061.04 

125.0 

htlt*  3.52751*03 

hltl*  1.1737E.05 
h2H=  7 • 16641.04 


017.F*  40.0 

M»2*  1 ,27951.03 

VIA*  2 • Bb69E .05 
V2Aa-2.7353t.05 

OI7.F*  45.0 

b&Z*  1.08701*03 

VIA*  3. 05891.05 
V2Aa-3.biU01.05 

UlhFs  60.0 

f&Z*  3,73451.02 

VIA*  3.77U5E+05 
V2Aa-fc.o987E.05 

0176*  30.0 

M»2=-o.7503t.02 

VIA*  5 .U  35  71.05 
V2A*-l.i726t,0fc 

llhF*  25.0 

lOZ*  2.06211.03 

VIA*  «. 27341.05 
V2AS-1. 02901.04 

LI6.F*  30.0 

fjGZ*  2.0676E.03 

VIA*  2.33U4E.05 
VPAs-h. 10251*04 

llnF*  35.0 

MiZ*  i. 11761.03 

VIA*  2 .37771.05 
V2As-7.7349E.04 

UllvF*  40.0 

NGZ*  2 . 1523E.03 

VIA*  i. 47541.05 
V2AS-1. 17261. 05 


Vl«*  1.394fct.o5 
V2fl  = 3.86731.05 


VIA*  1.19561.05 
V2H*  4.73641+05 


VIM*  4.57961.04 
V29*  7,95691.05 


Vl«s. 6,53361*04 
V28*  1.36821+06 


ol9*  2,0355E*|]3 
V2«  = 1.2261E + 05 


V 19=  1,98781.05 
V2U*  1.50351+05 


V19*  1.93141+U5 
V2«*  1.831 91.05 


VIS*  1.86631.05 
V28*  2,20961.05 
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*N«kW,0 

► III*  W9.J 

UlKF*  *1,0 

***a»  J,  Htunn 

I.OI*  k|t1tll*0) 

1*1*1  • 7.19191*05 

i*iA»-a,l5uii*oi 

*24* 

nil.*  l,o»2*t«Ol 
m*i>i  d . ***  f l » u* 

VIA*  7.1*011*01 
* 7 A a * 1 * fed  5*1  • 09 

via* 

V2H* 

1.59291*01 

2,*5*5t*o9 

iuMt.o 

► >«!•  121,0 

VlMfe*  *0,0 

N*»*  fe  . «1»  fi  * 

Null  1 .2991*  *0* 

l Hi*  *. 55521*05 

*0'i 

*2A»  1,02191  »u:i 

>«tn*  u.aii*t«oH 
Mll'»  1 , 42 5*1 **1 

v l A • 7.oi9*l*09 
V7A*-5. *1591.01 

V 1 M * 
V2M* 

1.91971*09 
9,22511  * 09 

AN»H2,0 

till*  171*0 

ult*»  dO,  0 

NMA*  l , . iii 

mi;  2.2lloi»o* 

Mf»  1, 19*01*05 

HUt.J.KiVl'l  *111 
*#**  i , , ci 

nl  I . blfeVl *01 

H2‘.'»  2,11291*01 

* 14*  5 , » 5001 *01 
l.Al-u, 11591 ,01 

via* 

V20* 

1.05551 «ol 
5.01191*01 

»N*fel2,C 

>‘nl*  111,0 

*IkF*  29,0 

Ni*»«  fe.15iui.il 

*fet;  *,M.0U*iii 

f.  1*2*  7,55191,05 

*v1 

*2A*-2,  Ifelli  • i >* 

I'll**  1, 110*1*01 
••dl>  * 2 * 7l*0t  ♦*!* 

vl>»  *.11111*01 

V 2 IS  1 . ol p7t  *0* 

via* 

*(Hl 

2,l*5*t  *ol 
9.95201 *0* 

«N*fel2,0 

►■Ml*  111,0 

ullMs  50,0 

Nb»a  »,p2t*fei.*ut 

..111*  * • 2fe*fet  ♦ 0 l 

Ko2*  7,*al»t*05 

HUl*l|kUT|,»v1 
m*a». 2.111*1 « t*** 

'Ml>»  1,19011*0:1 
'i*"i~  7,i>*0»t«0* 

VIA*  * , 11521 ,09 
*2-5*  9 . *fef  11  * P* 

via* 

v2a* 

2, 1*591*09 
l,9?291*i)9 

tMiU.u 

♦Ml*  111,0 

ollFs  51. P 

Ma*  i.Oi'ifi.o..* 

i\»T*  1 *d0  5*1  * o l 

ti»2*  * « ©1*21  * 05 

*1A*-1  .fell 'Jit  **>i 
*«>*»-<,  iir,»n.*i'-* 

• it  * 1 ,id*/t*oi 

n*,.i*  7,7.1101*0* 

ll*»  7, 1*201*09 
l2»l  “>,219*1,09 

v*a» 

».«; 

2,19521*01 
1,91021 *09 

in  l - 1 J ,1  , o 

U|M»  *0.0 

NuA*  l.SltMiuJ 

iu.1*  t, 111*1*01 

1fe2»  2.09521*05 

Hltfl,  fepvot  *vi 
i«2A*.l, 9*901*0* 

nil'*  l , 30*71*0  5 

i<7n;  7,21*51*09 

V 14*  2 , 1 fe  511  *01 
*25*  1,08191*09 

via* 

via* 

2.19291*09 
1.99111 *09 

'N**W.O 

►■Ml*  1H.0 

nlfvM  *1,0 

NSM  l . 9fefe*t  *02 

mol*  9,*P05t*0l 

M>2S  5,050*1*05 

Ml A* . 1 , fe l 9*1 , 05 
M2Ai*l  ,10*71  . O'* 

nl»«*  l,l»dft*pl 
l'7|.»  7, 19111*0* 

V 1 4*  2,15551*09 
V2A*  *, *9911. 00 

Via* 

v2a» 

2,19251*09 
9, 80001*0** 
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*N**12,u 

N(U*  3.33131*02 

MlAs-l„*i32t*03 
m2A*-1  ,*l  14  L ‘C* 

■NibU.O 

NU«*  *.27olL*12 

MlA*- 1**7 371*03 
H?Aa-l , 10311*04 

»A<**12.0 

4l>A*  1 ♦U**'-.*  *UJ 

M2A*-3.6*«,3L*U‘t 

*N««.12.0 

NbA*  1.37aM*u3 

MlA=-l  .3**73l  *o:t 
W?A*-H ,3i73t  H"* 

*NS«12.U 

Mill  2.1422t*U3 

MlA*. 1. 33011*03 
M2A*.3.3fis(it.G'* 

*N=M2.U 

NbA*  2.797vi*ui 

Ml»».1.230lL*uj 
m2A=-6. 33311*0* 

KiihU.U 

Nb*»  i.aniLMii 

HlA*-l  .1S7*,1*U'J 
rt?A*-7 ,41001*0* 

AN.fclJ.U 

NbA*  b.2?341*u3 

Ml As-B, 23*71*04 
M2A*-l, 14011*09 


chi«  laa.o 

f»vT*  * lT70«7t*02 

nlliX  1,38481*03 
Midi  2.13*41*04 

Mil*  153. « 

libli  3.03421*02 

hilts  1.38331*03 
>'u>s  2.02"72t*04 

ml*  1*3, 0 

i.o»s-2.u31»t*Q3 

»‘lh»  1.  74331* Q3 
"<js  4,07531*03 

rni«  1*3.0 

l.u»s-2. 95481*0.} 

Mn=  i,*io2t»ot 

i ,-,,3-4 , 1377t*5J 

ml*  1*3,0 

>.*»  *-•*  ,02  1*1  *03 

»<n  * i , *0^31*03 

t-.'ts-l , 306  61  .04 

Hrtl*  1*3,0 

I,  i,li.  3, 25271*03 

nll-s  1 ,76Ubt.Q3 
C21S-2. 31151*04 

ml*  1*3. U 

i.oYs-*, *4791*03 

hips  2.06401*03 
H2t'S-3.  76391*04 

M>t|=  1*3,0 

i.bfs-l. 18191*04 

(Hits  2.H*7**E*03 
Mi;,s-O.4993t*04 


u I fit  * *Q.Q 

Wj2s  3.71*21*03 

VIA*  2.17*91*03 
V2A*  3, 99481*04 

U 1 7 (■  * *0,0 

NG2*  3.39781*03 

VIA*  ?.«:361£*0i 
V?A*  2 •<*  7241*04 

vl  1.1  * 23.0 

rilifi  1 ,7**31*03 

VIA*  2.11*371*03 
V.’AS  1 .12281*03 

1>IM>*  30.0 

fl»2*  1.73*41*03 

VIA*  < . 03131*03 

VfAs  i, 03001*03 

ulkts  33.0 

l . 73341*0  3 

VIA*  1 .77061 *03 
VTA*  1,  *2041*03 

UKt:  40.0 

1.02*  1.31201*03 

VIA*  1.74371*03 
V2As  1,74751*03 

OlAls  H3.0 

M>2*  1. *#741*03 

VIA*  1. *9031*03 
V2As  2 • 30261*03 

lUM-s  bO.O 

N*2s  1, 79*31*03 

VIA*  1 . *9331 *03 
V2 As  3**3071*03 


via*  2.14171*03 

V24*  3.820*1*04 


Vl«*  2.13991*03 
V29*  3.71311*04 


V 19*  2.2h7H*oS 
V2a*-6.4l3*t*o2 


VI  It*  2.29331  *03 
V2f»*-i.  71321.  04 


VlO*  2.34721*05 
V2M*. 3. 6438t*«4 


Vies  2.4 u9«t ♦ o3 
V2HS-9. 43811*04 


Vina  2 • 4600t*03 
v28s-l. 33301*03 


V18*  2,7413t*0S 
V2HS-2, *7221*03 
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»N«*ia,o 

NO*  * 1,11*21. ox 

Mi*a-2.27ioi,ox 

,oa 

**«4K.O 

““***  1.2301l,U3 

hu». i.a;a7t,„a 
M2*a-*  • 3»30l.  *0x 

»N**l2.u 

N0*»  1, all  71 *03 

*1*»-1  ,0*x*t  ,03 
H2Ai>9,77,lt,UH 

*N*».12,0 

*B*»  2.Xt3*t,V] 

h14*-9,7X7Ul*\jx 
"2A*>1 ,07371 ,03 

»N**12,0 

NO*«  3.22uoi.ul 

wl**— 

M?*«-l , 3**00  ,i  5 

*N»«.12,o 

NS*«  X, 07*31  *0  l 

NlAi.x.07l3L,„7 
,12*»*  1.  bat,31  »U1 

»N«(,ia,o 

NOXa  7,2X*{<i.o$ 

NlAa  S.l!7tL»lX 
M2A*. 2, 71xot»0J 

««*AU«0 

NOXa  l.29o3l»0X 

*1*»  2 .150*1,03 
H2Aa»<9.*X77t»05 


H«l«  1*5,0 

>»ira.a.iout*ox 

t'lm  3,1X0*1,05 
,*992l  ,05 

►"'!»  215.0 

No»«-3. 1*2*1  ,03 

>'li>a  1, *5321.05 
H2>ia«2,137lt>0x 

Kf>l*  215.0 

l,l.r»-*,353*t,03 

*»lu»  2.11231,03 
>i2i««*x,  100*1  ,oh 

N»l»  215,0 

<,l.Y«-*,  1*0X1  ,00 

«•!('«  2,30071.05 
•',(H*.*,xl35l  »[>x 

•«1*  215,0 

i, *>*■-*.  0*3*1  ,u3 

Mi-a  2, 51001, C3 
l'2n*-*,0770l,ux 

Hil«  215,0 

''■UVa-l,oiX*l,ox 

‘•li:a  2.7**11,03 
i>2(.a-l, 20*31,03 

►Ml»  213.0 

No i i • 1 , o2 1*1 , ox 

Nina  3 , * 7*3l ,o3 
N20*-*. 32721, 05 

H«J*  215,0 

No  V a •3,23* 3i, ox 

"IB*  5,2*0X1,05 

N2t)a-X,3ixxt,05 


HM«  90.0 
M>2*  1.  *3x91.03 
Vlx«  1.3X291,03 

* 2 A*  5.7*131,05 

UNfa  23,0 

r o/a  1 , x Oa*t , 03 

*U»  1. *1**1, 05 
V?*a  1,7**01.03 

UHa  3U  , 0 

302a  1 *73151,03 

VIA*  l.a  7**1, 05 
V2A«  2. *1221, 03 

Oll.f*  35,0 

M’/a  1.22x71,03 

VIA*  1,50331,0! 

X24*  3.3X0X1,05 
ulM»  XO.O 
M»2«  *,0*011,02 
VIA*  1.31371,03 

X.'Aa  x.  190*1,03 

OlNH  X5,0 

(oi«  7.13311,0? 

VIA*  1.09321,0! 

V 2 A*  3,13291,03 

I'lM  a *0,0 

No2*-t,0b7it,oj 

VIA*  2. 73*91, OX 
V2Aa  9,  **191, 05 

U1M*  90,0 

''•07**2. 0**01, 03 

VIA*- 1,17**1,05 
V 2 A » 1.7*341, 0* 


VIA*  3,20*01*03 
V2Ha.3.3**Xl,o3 


Vl«a  S.x*3H»03 

V2B«- 9. 33**1,07 


VlN*  2 , a OX  *1  ,03 
V2B*-1 ,X4S*l,0S 


VlHa  2.770*1  ,05 
VXHa-2, 210X1  ,03 


VlB«  2 ,**2xi, oS 

V2B*-i.ot*3t,oS 


V1H*  3 , 1 7*91,03 
V.*«-X,0X29t,o3 


V1N*  3, *3331, 03 
V2Pa •7,430*1, 03 


V19*  !.X1 791*03 
V2R*-l.X04*l,0* 
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Table  7 (Corn  J 

LAN0ING  GEAR  REACT,0NS  F0R  « aircraft  on  test  STAND 


*1A:-1.06U3L*03 

N2Ax-0v9noi(1  . q., 

**=612^0 

F,u**-S>‘*i29t*C2 

HlAs-b^bobt  + U** 

M2A:-1,  l(<e.»t«e3 

*«**  12,0 

*B**-7.  J#.I2t».,2 

M^As*5,b06OLH|i* 

m?Ai*1,3J31L»i,s 

AN*« 12.0 

9&a:-9.09 

H2As-l, 93531 *u5 
*N=o32. u 

M»**«1,220£Lao< 

"1A:  1.28,51+,.,* 
H2A:»2,  36o6t  ,o, 

*<9*612.0 

NG*  = -2  *lt92L+vj 

MIAS  l,tt>b6L*03 

"2»:.9.gt96t*U5 

*NsbJ  id  , Ij 

NI>X=-J.«JfbJL*0J 

M1<*  3, 6H 521 *05 
M2As-7,  U57(jt  *o, 

**'*612.0 

NG*A-1.9lbOL  + t3 

M2A*»fl,27oNL+0i* 


<*"!*  *95.o 

b-lKFs  25,0 

Nl»t*»3,  70Jo£*03 

NG*«  1 . b 751£ ; 03 

hl”*  2.17981+ot 
n«rns. 9, 60901  + 09 

VIA*  1 , 69001*03 
V2A=  2.79081*05 

- K«I*  293,0 

l-If.fs  3o.o 

''■bY  = -5.3332t*0j 

M>2*  1.53021*03 

►•Art*  2.93161*05 
’ ^o=-7.b32hL  + o, 

VlAs  1. 91031+05 
V2A-  5.69611+05 

•'"I*  29S.C, 

UlNFs  35.0 

'*bYs.7.25,0t*(>j 

l'(i<’*  1.35891*03 

I’liis  2.73511*05 

<*2b=*1.1211t  + g5 

“1»*  1 . 15o31+  05 
V2As  9,01581+05 

*-Hls  295.0 

611.*:  9u,0 

(•■6Ts-9.‘t612t  + 0J 

"«2=  1 • 1 bl 91  + 03 

Blui  3.0e5iL*u5 

Bc«e.l,539it+(!b 

VlAs  o.5397t*09 
V2ms  b.l07bt*05 

HT-Is  295, n 

tllFs  95,0 

iSj  bTS-l, 2000L*09 

fG2*  9.3  79  51  + 02 

klb*  3.9ei2t.u3 
'li'"*-2.0U2U  + o>, 

VIA*  5, 11321+09 
V2AS  7,57101,05 

*-'’1®  295.0 

61r-F*  60,0 

IvoY  = -2,1333L  + 0n 

* 9i*  1.07631+02 

»>1«?=  9. 95311*05 
k2bs-3.  7J66£*(j5 

VlA=-7. 58991*09 

V2A:  1.29981*06 

BHls  *95.0 

6 17  F s 60.0 

l<bTs-a,  7925l*09 

Iv62:-i  .36761*0  j 

►‘lbs  7,5fc79£  + Qb 

7 2ti*-to,  52011*05 

vlA:-3, 01591*05 

V2A:  2.26991*06 

-Brllr.  275.0 

Ul^s  25,0 

l'bTS-2.il79t*03 

r-bZ=  2.28381*03 

Bias  2.00761*05 
H2bs-3,6223t+C4 

VIA*  1.67181*05 

V2A=  2.51961*05 

— . ■ - 

V3«*  2, 71891*05 
V2H=-l.6J32t*05 


2. 97 191 *o5 
ViHS.2.S£Slt+05 


018s  3,27091+05 

V2»:-3,73371*oS 


V18s  3.61591+05 
w2Br- 5.05901+05 


V1H=  9.00691*05 

V28=-6.S61ot*u6 


VIS*  5 , 95591+05 
V2B:-1.2127i*06 


V10S  6.03191*05 
V28s-2.2023t  + 0t> 


VlB*  2.61571*05 
V29=-l.jo3ot+05 
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Tabla  7 (Cont.) 

LANDING  GEAR  REACTIONS  FOR  E4  AIRCRAFT  CM  TEST  STAND 


(111,12,0 

NG*T.V.»Jin.*ui 

MiA*.p,7te9t*i>4 

H7As.l,0*>13t*05 

«N*«,12,u 

HGXS-3a  Ot 

MlAi-b.l7s'rt.*v4 

H2AS-1.4UJHI  *0  5 

<MH2.I1 

96a=-3  .054 Ul  * v J 

HlAa-3.1<<E7t.*04 
H?A*-1  ,71  J.Sl  + 1.3 

XN=hl2.0 

NGA*-b.  3bV‘>t_*U  3 

HlA=  1 . t>i  UUt  *03 

H2»*-z.  l7iU*03 

XMSbl2.ll 

NtiX*-l  ,13*4L*u4 

HI**  1.2b79t*03 
H2*  = -3,obv3t*l'3 

*M=fel2.0 

NliXs-2,ul  J2t-*v4 

HI Aa  3,49325*05 
M2As-b.3*»3i.*o3 

XNsf.12.0 

NO  X = • 1 , b 3 1 4 L ♦ 0 3 

HlAs-1 . 

M2As-4. 53735*04 

*N*bl2.U 

NGXs-2.b3?3t*l’3 

HlAs-1.  i 3005*03 
H2A»*S.S3i3t*<;4 


PHI*  275.0 

OIMH  30.0 

MG1 s-J, 53705*03 

M62*  2,40675*03 

. *. 

HH*  2.30b0t*0S 
h<t’  **b  • 2 10SC  ♦ 0 4 

VIA*  i.464OE*05 
V2A*  3.36bl5*03 

V 19*  2 . 62 S2E » 03 
v2H*-2, 13850*03 

Phi*  275.0 

blNts  33.0 

Mo  »s-n . 34215*03 

M62  = 2.33205*03 

bins  2.3b4l5«03 
2tt7.lL  *04 

V 1 As  1. *1035  + 05 
V2A*  M.ibbbttOb 

V 19s  3, 06855*03 
V2P*-3.12Stt5*05 

(■Ml*  2?*>.o 

0lNf=  ho  . 0 

r ot*-5.9323t*u.l 

r62*  2.71975*03 

Hies  2.8bl9L*03 
i,»p,=-1.2«26L*05 

VIA*  V.3523E*04 

V 2 a*  6.32095*05 

Vlfl*  3.35155*u5 
V2Hs. 4.26505*05 

PMl*  275.0 

61UF*  **5.0 

i l.T  = -7.30tt4t*UJ 

102*  2.90975*03 

Hit*  3.19935*05 
Hai-s-l.o»<*ll*C3 

VIA*  b.l4l7E*04 
V2A*  t>,tt2925*0? 

V IP*  3.67235*03 
V*P*-3. 35612*03 

in, is  273.  U 

UU.rs  60.0 

I.ui=-1.334t>5*u4 

1.02=  3.61395*03 

t.lt.s  <*.43U45*,)t- 
hiiis-i . 17  1 It  *0'. 

VlA*-5,73o3E*04 
V2A*  l.lb7BE*06 

VlP*  ‘*.86101*05 

V2P  = -1.03«UL*Ub 

1 Mia  273. U 

tilt.F*  OO.P 

i'OT=-2.3730t*yH 

NGZ*  4 .obo7l  *03 

hlo*  6.67425*03 
hvn=-3.ttl4ttt*03 

VlA=*2.b909E*03 
V2A*  2,02971 *06 

Vl«*  6.97435*03 
V2HS-1. 88475*06 

fills  303,0 

Olf.Fs  25.0 

hOT  = -d.o7‘*Ot*U2 

1,02*  2.12U6C*03 

HIM*  1.7693t*o3 
Hit's  1. 72635*03 

VIA*  2.Olo4E*05 
V2A=  1 • 330  IE ♦ U3 

V IBs  2,27345*03 
V2H=-1. 02*'*l*0'* 

...Hll*  303.0 

0 INF  * 30.0 

- 

NoYs-1.2?7«t*03 

ivo2*  2.17175*03 

Hid*  1.64tt0E*03 
H2d  = * 7 .3373t*o3 

VIA*  l,9S16t*05 
V2A*  1 • 659CE*  05 

VlB*  2,33045*03 
V2B=*4. 10175*04 
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Ttbl*  7 (Cont.) 

LANDING  GEAR  REACTIONS  FOR  E-4  AIRCRAFT  ON  TEST  STANO 


x*ibi2.o 

N8Xl-3,507**.403 

”1A*. 1,2357(403 
H?A*-6,7P57(.404 

it'*bl2,0 

Hf-ts-H  ,b(  ubc  . f i 

,i>s 

”2»*-8  , ut  i li.  464 

**»bli.O 

**6»*-5.9?26t4t  j 

”lA*-l,OOJ6t.u5 
M2A*-5  «5n  I 0( ♦ 04 

XMMk.l- 

N<iXr-l.i.;»l'i 

HlA*-5.n,  s,  , tvH 
”?**-(,  >ir  i»7t 

XMfrll.U 

CbX*-l,t*?,,4(4ii4 

HlAa  C,b570(4i;«» 

”£*•-£.  sm,H  4i)'i 

*N>U2.L 

f*GXt-f,,2t3lt.4i  ;> 

Hl»*-l,S“li'l  »1.1 
H2Ar-2.437fct.4j', 

XMA12.U 

•1GX--S  •ulo'<t«t<' 

HlAs-1  ,bV12t*Ur> 
"2*1-2, 5rJfc(4tl., 

**»6l2.u 

NfcX*-l,22/b(4t3 

HlAi-1. 5912(405 
H2A1-2.59U2L404 


HU*  305.0 
l.bVi-1,  7393(403 
” If  * 1.9407(41)5 

"tl-  l-l.04adl.4Ul4 

("I*  iui.u 

I'O  ) --2,2717(4 u3 

*l!s  i,u->7t*0s 

*'«.is-3,ll,;3t.404 

frill  30a, 0 

r«0Y  i-2i37!)2l*U1 

t'lm  2,lb7l(4ij3 

irili  305.0 

•n.ls-a,  1 1 14(  «g  i 

i'll  = 2,t»H)Ht»iib 
f t • .*  -9 , 05  1 1L  *111 

f ilx  30S.(i 

i.t.|i-'7.uobyt»lij 

I'll’—  3.4175(4(11. 
i'ki<s-l,V2oSt«Ut> 

► "1  = 335. n 

"i-Tx-l. 1(21(401 

Ill's  l.blSbL*ub 
f’<is  2,1592(404 

fils  335. J 

(urs-1  . 5t  70(4  m 

t lb-  1 . 62b4L4(l5 

f'2|is  2.10bb(4O4 

HUs  335.0 

roTi-k.lbUlL»ul 

hlr<s  1.6391(405 

hZai  2,1*444(41,4 


biffs  35.0 

U>2«  k.2322(«03 

IrlA*  1 .0022(4  05 
V2«s  2, 04301 *05 

lilf.n  tu.o 

'*b2*  2.3019(403 

VIA*  1 . tiOtlL  .0* 

V2A*  i,*bb0r405 

(,ll»(*  45,0 

fo2*  2.3610(403 

V 1 A*  1,7113(405 
V2Ar  2.96O2L403 

bll.f  « bO.O 

lb£*  i.b?  39(403 

Vl  As  1.37*47(405 
v2Ai  H.aoOK.oS 

l*lf+»  0O.C 

bi*2*  3.1947U03 

VIA*  7 . 764  4( 4 0** 
V2A*  (.1573(405 

(Jif  f * 25,0 

i.i./t  1,d3ou(*03 

VIA*  2,1507(405 

V ? A 1 b,  4 90  1(4  UH 

Oil'll  3U  . 0 
(02*  I.o7b9(403 

V I As  2.1536(405 
«£  s b, 7230(405 

HfVfs  35, U 

(02s  1.2ObH(*03 

VIA*  2.1571(405 
V2A*  7.0023t40<* 


vl*«  2.3977(405 
V20i.7.7.’3A(  4CM 


Vl«*  2 .*•  75 <*(  405 

V251-1. 1925(405 


VlHs  2.5b3S( 4uS 
V2H1-1, *679(405 


vlfl*  2 , 0 o9A( 4 05 
V2Hs.J.M?7b(4o5 


Oil's  3.4700(405 

V2“«-t.,*5b«(  *U5 


VlHs  2,1702(405 
02Hs  5.5256(404 


V 1 Hi  2. 1*10(405 
V2H*  5.3360(404 


V1H«  2,1955(405 
V2H*  5.1120(404 
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Tabic  7 (Com.) 

LANDING  GEAR  REACTIONS  FOR  E-4  AIRCRAFT  ON  TEST  STAND 


«**112.U 

**i(*-l. 10)11  *i  » 

*«l  a* -i.i*i  )<.*►.:? 

*Nlll<<aU»U  *v4 

HlA»-1.611 

H7A*-2.7'*J*t*u«t 

14**12.0 

1l,Xt»5.«l'7hl*0  4 

HtA*-i,MHt.»u* 

vinJ.a 

HI  »s»t  , MK.L  • I. *TI 
M7Al- 4 . HOol t • t » 


446, n 

I M *-2,62141*0 1 

HU,*  1.154*1*06 

Mt'*  i.77*7t*ol 

I >tl*  4J6.0 

i.v.  f**4.b/v7l*jl 

Mi«  = l.l7o!l*06 
Mm*  l,6Vl»l*ni 

I nll  JJs.  it 

i.'.TS-i,  41  71t*U  1 

Mi'S  1 . 7921 1 *06 
Ml-*  1 • 4?Q11  *U*» 

► Mil  446.11 

• ■liTi-1.  12*61, 0;‘ 

Kins  i . ol  1 7{.  » ( :> 
► n'S  1 . 051  Sl  • u" 


U11F*  10,0 

M»2*  1 , 01*11  *05 

VIA*  2,1*121*05 
V2A*  7.42271*01 

MI.F*  16,  V 

M>2*  *. 17401' 02 

VIM  *.115TC*05 
V2A*  7,16971*1'* 

l l ftF*  10.0 

M.7*-l  , VSiOl^O? 

VIA*  2.16271 *06 
V2A*  »,t,3u7L*Qi 

ul*n  ao.o 

I.b4i-1, 71b7E*09 

Vi*—  2.2l2ttC*06 
v?rii  i.i>»;2l»o6 


V IS*  2.2 1121*05 

v2H*  i,aas*L*o* 


VlH*  7.22111*09 
V2"»  1. 91041*01 


Vl*»  2.21611*09 
V2B*  S, 17101*01 


0U»*  2,11411*09 
V2H*  1.51171*01 
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xnai.U.o 

MAa-1 ,3404Lt03 
IMtll.t 
Mlfjr.lHM  *0) 
**A*~1.34«7ttl3 

Nfcii^r.i*o>*L*()T 

HA*-1. 32141 tUS 
lfui4X2.II 
N4Xa*7. 17141 t03 
t1Aa-l,4«7TLt09 
*f»4l£.U 
NGX*-».2tv7ltOS 
HAa-1. 47041 t03 
X*f*Al2»  U 
NGXa~V.3e42l.tU3 
HAstl,3fa*0ltO3 
1*1*12. u 

NGXa~X.fato7t.tU4 

HAa-l.Xeo7t.tU5 

***412  a 0 

NGX*~l,i>22?ltg5 
HAa~1.44aAlt09 
XNa412 • 0 
N«Xa-2. 4240k  tOS 
HAa-1 « 41 0(1  tltb 
XN1412.0 
NbXa-3 . 37 131 tu  J 
NAa-1.34<2ttgS 
l*a*X2 . 0 

’ NGXa~4,  fafaHNt  t y ,1 
HAa-X . 24321  1 04 
1**412. U 
NbXa-3.7040t.to3 
HAa~X ,17  3ti tgi 


TabkS 

LANDING  GEAR  REACTIONS  FOR  E~4  AIRCRAFT 
(3  GEAR  APPROXIMATION)  ON  TEST  STAND 


Hni*  3.1) 
I.(,V*-5.14V  ftty* 
ntt*  X.4437t«J-j 
Hula  9. j 
fiGT*~*.5354ltui 

tat. * X.AV44ttu3 
H«la  t.u 
l'l»ta~fa.X735ttoJ 

Hha  1.7244tt0a 
Hula  5.ii 
GGTa~e.0433Lt.l3 
nr>*  X.74/*lt03 
tnX*  9,0 
tbTa-1  .U2U9tt04 
hb*  1 .41221 tcb 
f it  1 • , 

!.bta-l,.li421tl)4 

r»ya  l.tTfaTttyj 

f-nl*  3.0 
r,vta~3»2233tt|1i4 
m<a  <,.«t>72tt  j;, 
f «1»  13. U 

l.u  f a-o « a*3et  1 33 
«r»  l.ftvot, tos 
fill  a 53.0 
NvTa~1.23u3ttu<. 
Iibi  1.0l43ttc.3 
KhX*  53.  U 
i.uTV-1.  7u20l  too 
•via  l.l»Vl31tr)3 
tnl*  33.0 
GUT  a-2.2231t.tu4 
Hl,a  1.76U3ltU3 
ml*  53.0 
liG7a-2.dX5bitU4 
<■!>*  2.410141*11 


G 1*4 a 23. U 
'lit*  a.U4l4t*04 

V*a  .. *0451*03 
VINA  a 30,0 
tu2*  2.032*1*0': 
v*a  2.4424C.03 
Glut*  33.0 
Go 2 * 2.02271*04 
VAa  2. 34071 *03 
Git  f a 40. 0 

r.r.z*  o.uxiuLtua 
VAa  a.«»34t*03 
ulf.ta  43,0 
14  * a >.**771*0* 
VAa  i , l»72t ♦ 03 
Gilts  40. 0 
i-t-’a  1 * 74  H4 1 ♦ U 4 
VAa  l.e***l*l& 

Git.fa  eo.g 

■'*02 a i,eAU7t*U4 
VAa  l , 1*3471 1 03 
l.II,fl  23.0 
fnil  a , u 727t  • 04 
VAa  »,3U6tL*05 
G'lr.t*  3u , 0 
(.Oct  2.g77vttU4 
vA»  2.27331*03 
Gllif  a 33.0 
‘.1.2a  » ,oe*Ut*U4 
va*  2.14l2t«0*> 
ull-t*  4o.O 
-02*  2.07101*04 
VA*  1, *(451*03 
Git  F a 43.0 
Mi/S  2.07701*04 
HAS  I,jll2lty3 


VAa  2.127(1*03 


VH»  2 . 71041 tgj 


vt»a  7,0o3?L*03 


Vila  3 • 11371  toS 


vHa  i.IiOHtCJ 


VH  a 3 , 70211 1 03 


V0a  4 ,»r3lt*03 


V*a  £.9?let*u3 


VH*  3.037?itu3 


iHi  3.2u3(t*u3 


Vtta  3.  J747t*PS 


Vl*  2,370(1*03 
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TaWt  8 (Com.) 

LANDING  GEAR  REACTIONS  FOR  E4  AIRCRAFT 
(3  GEAR  APPROXIMATION)  ON  TEST  STAND 

► ill*  4b.ti  tli-p*  »u,j 

**.?*•». uam.ua  dk<*  2, 120t1.ua 
n..«  ^.'^it.ub  l.i.m.ub  vm.  a,a..«i.ub 


****OU.O 
•***»■  1 • ta  **t  ♦ u« 
wmi.iimi  .ua 


i«*»w.u 

Wll’llOttitigl 

M»*»a,su  7y.*v* 
***»il.u 
*e**»b, 

Hta-i.ajait.g, 

IMill.g 
«•**»-  T.  a »«.aL.u2 
‘•**•1,  Jtiat.ua 

I'ntUil 

*••>>*•! . dig  it  ml 
MA*>1.2TtJt.09 

■uui.il 

MM'l.Utll 

M»*-1.17/0t.ub 

*•*•)•*»  1*  aAo2L  .0  J 

M***1.0tabt.ub 

«.**li.U 

NGxs»2.99;4tmi 

M****.*Tbdt»U4 

*N*fcli.u 

►•** 

INXU.O 

*«**  l.UTdJt«UJ 

M»*.l.aT«bCu5 
**»*«.  0 

h«*»  TTbt bit « 03  ' 

H»*-l  .42lVt.,gS 


►•Hi*  4b.  o 

it*  4.12Ult*Ub 

►Ml*  ta.i; 
i.t  >**■#•  TTait.ijd 
!•»•* 

►*il*  *i.n 

< fl**l.H«  7bl»gi. 

i'i  * l.o5«mi. ♦(/•• 

Mill*  as.,, 
n..t*-t.blbTtd..« 
in*  l.UatlL.u!. 
►'ll*  *l.J 
■M  r**i.bUcit..,o 
►•n*  i.  Uil«L  ♦n*. 
►Ml*  *b.u 
I 1 * • 4 . It  a*t  .gt 
• .i*  2.1T17L.,.;, 
l"ll*  tob.o 
.-.uTl-b.oilbti  ,'g 
rr*  i.blbdl.jb 
►Ml*  tb.g 
'<L1*-1  .UbUbt.Ut 
ni)«  J.aObtt.gi, 
►Ml*  *b.U 
f.0Ya«b  • bdlil*  Ub 
i‘li*  1.70Ylt«0i 
►»;i*  *b,0 

>'H*r**d.0Jb9i..i|J 
1*0*  1 . 7*1  Ytt  ♦ gb 


U1N4*  *U.O 
1-11*  * t. 1412L.0Y 

v*»  •.biaii.ua 

Lll>*  2b. 0 
i -/•  ubldi.ua 
vl*  i.llMt.c. 
i ji.t*  St',0 

' I'.'*  4 • 0*jUtiL«o» 

»*•»  t .id'l.l  . 0* 
tli.f*  Vi.  I 
1 '•»  * t • U.uUt . u 

v**  . . u 7* YL*t<*i 
L 1 i>  ■*  **  g . i ' 
.*>« * i.u^ibL.oa 
I'I*  l.uMfit.ob 
UW>»  ab.U 

>.o/»  * * gi  /at . na 

v<*  l.eickl.u! 

tli.l  * tig,  g 
• -i’*’*  .. oil'll. *oa 
v!~  i.aubat.ga 
til..*  at.g 
iiit*  l.YSMt.Ot 
vA*-4.bo.2L.0a 
t II, F i 4b.  c 
M>2*  ..uauac.oa 
VA*  2.4«6«e.0b 
tll.i*  Ju.O 
lb i*  i.u.M  JF.oa 

V7*  .-..^ibt.lJb 


v»*  b.RGTit.ui 


an*  a.a^Tu.ub 


»*'*  ?,0**J?L.  jb 


Vi*  J.2*-bi'L.Ub 


a«*  S.aulbL.gb 


Vi*  3.e«i7t«ub 


.1*  a.a.abbi.v* 


vm*  s.ajfcai.gs 


V»*  2 • *72li.v-b 


»M*  J.STlat »gb 
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T*W*  6 (Coot.) 

LANDING  GEAR  REACTIONS  FOR  E-4  AIRCRAFT 
(3  GEAR  APPROXIMATION)  ON  TEST  STAND 


N4»*  2.1056l«li 
mA»-I.JS25L*o5 
IN*418,U 
N6X*  2.7*761*05 
HAa-l,,:t*at«G* 

■ MtU.U 
NWi 

MA*-1 , 1(.o*l*05 
((,*6X2.0 
Nt»A*  fc.U20t*l5 
m»  « - k , ot  'jr  t « u * 
k*«M£.u 

NOA*  1 . nOVut*  V* 

J-.1 

(N*618.i> 

Nil** 

HA*-l.-j2*?L«or 
(NSAX2.0 
NO**  1.o«*2l«05 
MA*-l,*«r7L«C6 
*N*».18.0 
NO**  2.2tbXl*vJ 
HA*-l  .NbUhtil/N 
*(**4X8.0 
NO**  2 . VieSo.l  * 
MAi-i.ul77L.05 
*(<*618.0 
5si*  J.7OOOL.03 
HA*-1. Jtvlt.oS 


PHX*  <<s.O 
NOt  *-X.07S7l»0* 
on*  l.*05*L*Ob 
PmI*  **l.3 
<.ul*-l.*8obt*<>* 
<■«*  l,0*3bt.*lb 
(■Ml*  *5.0 

I.OVs-X.BObJL.CO 
..l  * X.75bML«ob 

fill*  *3,  l 
■I  7 *-3 .2 l*bt  «u« 
■ .<*  2.iN*»t.Vb 
(•(1*  7L.u 
■ u»»- J. /Xblk «„« 
.1  * 2.6t  O0|  » 07 
Mill*  18b.  u 
i-i  »*-2.  J**0,.«o5 
!■•<*  X.  0*0*1  .'lb 
(«l*  123.0 
(oVe-i.57b*L*  jS 
..ms  l.kblVi  .r.f- 
(•Ml*  X2b.o 
.\uTc-*.bV**t*03 

rp*  l.»7eSi.*0b 
(-MX*  X8b.u 
f'0)*-o.OU07L.OJ 
Mb*  l.702*t*Ob 
(Ml*  121,0 

NGY*»7,S7*6lL»uJ 
ho*  i.787*t«03 


01 M * 55.0 
Mill  2.02061*0* 
VA*  «.157*t.0« 
i |I.('S  *0.0 

l vZ*  4 . U0o2l*o» 
v a * l,yol5t«C5 
b I (>  * «b.O 
102*  X.7«*2L*I>* 
*(.*  i.t*u*vx«05 
Hut*  *0.0 
i l,/*  1,7(211  *0* 

(A*  x.lbuit.ob 

C 1 Aif  * 60.0 

i w»  x.c*77t*o* 

»A*-1  , 5*6 

Lli.(*  23,1 

i.i>2*  ..XJOlo.O* 
VA*  * « * 3* It *05 
Oil.**  30.0 
>02*  2.1*6*X*0“ 
0.1*  8.  3*6  30*01 
l'l(i(*  11,0 

M-2*  2.1772L*C* 
va*  2.26,bJL*05 
' i(F*  *0,0 
i.<>2*  x.2X2bL«0* 
VA*  2.l*o7t*05 
OlhM  *5.0 
M>2*  2. 2552E.0* 
VA*  2.0l**£*05 


VA*  5,0*661*05 


VH*  J.2?*0t*05 


VA*  J, 57 7*L*05 


vA*  5.7*56t*oS 


VA*  * ,756  H »ob 


VA*  2.7A«6t*u5 


VA*  2,65121*05 


VA*  2.7251L*0S 


VB»  5.0X050*05 


VA*  J, 10471*05 
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Tabta  8 (Coot.) 

LANDING  GEAR  REACTIONS  FOR  E4  AIRCRAFT 
(3  GEAR  APPROXIMATION)  ON  TEST  STAND 


1**412.0 

7*H1*  124.0 

KIT#*  40. 0 

«Ma  4.fc4fc7l«03 

»bTa*l. 34021*0* 

7.1,20  2, *0271 .0* 

ima  1,02O4l»i)3 

VAa  1,42*31.04 

20a 

S,*fc901.04 

XN*M2,0 

Pxia  42s. u 

4.17,7*  no.O 

Mia>2.*0O3t *0* 

f f.f  a 2,aaO*t.O* 

•*t»a  4.u0>TL.uti 

vaa  fc.3X37t.oa 

*.iom*u4 

INIbU.II 

K-ija  133.<i 

4.11.3 a 24.0 

MU  4.1310L.U1 

NIiTa.f.nMttHl 

'.(>2*  «. 12131.0* 

K4a«i.3)4i3t»o3 

i',»a  1.3)231*4.3 

V**  <.*3031.04 

V)« 

2.IJ1H.U4 

(-Ml a 433.0 

oil. 7*  30.0 

r.4.r**l  .033*1*4.2 

H»2»  y.ia7ot»oa 

n4a.l. 3*401.4)9 

ItltS 

V*a  2. >2311. 04 

20a 

2.42031.0* 

Ul*  439.0 

>H(-H  34.0 

<*6*r  1.20171*4)2 

.,»■  I*- 1 .*33ot  ,u. 

t.O/a  y.i732t«oa 

HU.)  ,3fu7L *31 

>*■*  1,3  4>Xfci*u3 

via  il.fc4X7L.04 

v°» 

2,31)01.04 

XNiaia.u 

mil  433. U 

0177a  Xu  ,0 

acxs  i.MVbitoi! 

> wT»-l.a72»L.Oi 

i (.2*  2 ,24331 .OX 

n4*-1 

(••ia  4.3TVft*o3 

»»»  *.*o*)i«o? 

2.410*1  *4)4 

X 71*112.1' 

► »tl*  133.  U 

VUM  *4,0 

NOXa  l,)fca*1.02 

i-i,t»*2.3T4(2t.*Q< 

M>2*  2. <44*1.0* 

Ht»«i 7 7t+U 3 

ni‘>  1 *57*»^i.o  t»b 

Via  2. 3)3X4,. 04 

yHt 

2.40111*04 

X*s<.t2.o 

tula  133,ii 

4.177a  fcu.O 

NSX*  3.33131*02 

KB'r»*3.aii7t.*o2 

1 4>2a  2. *0031  .0* 

HAa-l. 3*211*09 

l.pa  1. 33374*04 

VU  2.332)1*04 

»9a 

2.44471*04 

INa||i,i| 

f-Hla  143.0 

Olf.Fa  00,0 

MXa  4.27011*4.2 

h(iT<<f.|l14llt*ot 

7(4(2*  .,47441.0* 

H4a-l.*)44L*u4 

hiia  1,41  lie*  03 

* A*  2, *0011.04 

yRa 

2.40201*04 

171*412. W 

Htila  103.0 

0 1 7(7 a 24.0 

N4Xa  1.09i)L.4i3 

(Sbfa  l . 7303*.  *03 

Mia  2.11701.0* 

H4*. 1.43201*03 

h8s  1.33X74,  *03 

VA*  2,7  7041*05 

Vfla 

2. *4001*04 
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Tabw  • (Com.) 

LANDING  GEAR  REACTIONS  FOR  E4  AIRCRAFT 
(3  GEAR  APPROXIMATION)  ON  TEST  STAND 


A***12.0 

~9*0«  1.57jAt,*\)i 
MA*-l.**70t.*05 
INill.9 
««*■  z.mtLtui 
HA**1. *4471*05 
I***12.0 
**A«  2.79/9t*0i 
MA**1  .t>{40t»U9 
<•*••12. U 
W*A«  4.9*Ul*U4 
HA**1.7C*9L»U9 
XP*412.b 
•lili  0.2*9*1*04 
HA**1.7**yl*09 
XM*12.0 
**X«  1.119*1*0* 
HA*-i. 93021*09 
**•*12.0 
**Ga«  1 .25*11*04 
MA«- 1.7 11 St* OS 
A**412.0 
7i»X.  1.01171*04 
HA*«1. 74001*05 
A ***412.0 
lt«X*  T.*A99t*04 
HA*-1. 01  741*05 
XN*412.0 
9«X*  J.22UoT.OJ 
HA*>1. 40*01*05 


►Hi*  1*9.0 
l||*T*  *.9042l*«4 
■ 111*  1.305Ot.*u5 

*>Hl*  1*9.  u 
'.III  4.*071l«u4 
rn*  1.h?19l*u5 

► ill*  1*9.  J 

l.«|l  *.*5U1l*U4 

no*  l«*4*Ut*U9 

► rtl*  10..U 
lin*a  ).*l<2(.»ul 

•■***  l«4072t.i,j 

► ill*  109.U 

I MTS  l.UDUt  * J< 
In*  1.2ZUt*(it' 

►rtl*  105. U 
1.1,7*  1 • fOUUt  *U* 
"i<»  9.20y2t*uv 

►Hi*  «l3,U 
MjT*  * .**701 *u5 
Mb*  l.*674t*n9 

► ni*  *19.0 
KCY*" 9. 512*1*04 

HU*  l.*uoot*u9 

►HI*  219.0 
HOY*  TV2075t*Q* 
Hb*  1.44941*1)9 

PHI*  219.0 
NOT*  1 .05551*0* 
Hb*  1.25991*09 


6lhF*  50.0- 
r.'Oi*  *.l*2oC*0* 
»a»  «. *5501*09 

Oil.*  ■ 55. 0 

* 02*  *.172*C*0* 
*>•  «.Y0l9t*05 

UnM  *0.0 

* l»2*  *.*0*9i*o* 
bA*  /.t/*5£*09 

01I.P*  *5.0 
M*2«  /'.2'*51t*0* 
OA*  4.Wa*Ut*09 
oil.**  *0.0 
I te2*  * .4* 0*1*0* 
BA*  4.4*471*05 
olNX*  00.0 
f<62*  k .**501*0* 
BA*  {.970*1*05 
01I.F*  25.0 
■ <•?*  2.05721*0* 
bA*  2.06901*05 
ill-  ► • 40.0 
i.oA*  2.02*01*0* 
bA*  2.90991*05 
Ulh**  59.0 
liOZ*  *.ul**l*0* 
BA*  4.11491*05 
UIW-*  *0.0 
N62*  2,00021*0* 
VA*  5.29701*05 


9A»  2.57901*09 


BA*  2.242*1*09 


BB*  2.17101*09 


BA*  2.0**71*01 


*9*  1. *7491*09 


VH*  7.9*271*0* 


*H«  2.57041*09 


b9*  2.2*921*09 


VB*  2.10901*09 


VS*  1.9*021*09 
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Tabto  8 (Cont  J 

LANDING  GEAR  REACTIONS  FOR  E4  AIRCRAFT 
(3  GEAR  APPROXIMATION)  ON  TEST  STAND 


INHUiO 
MX*  «.o7a4**04 
HAE-1.95v4t*03 
IM4U.U 
Mu'lTiHfl.o) 
HAt-2,2 Je2**05 
XN«612.0 
mx*  i.2ta3**o« 
HA«-2 .74*1**05 
INltU.b 
MX*-4.7t39£*02 
HAs-1. 7975**05 
11*412.0 
MX*. 3. *225=. 02 
Nlfl  ,t*l»*It*05 
Xb*bl2.U 
MX*.7.in2t*ti2 
HAs-1. 9663**03 
*H*bl2.0 
MX*-9.fc*Ub**t2 
HA»-2.I0**Tt  *03 
iN*4ia.o 
MX«*1.22u2t*0S 
MA*-2.2ieSt*tS 
1**612.0 
'wx*-2.'lb92**D4 
HA*-2. 73*7**05 
1**612.0 

~MX*-4.tt56  4t*  04~ 
HX*-4.bl67t*05 


PHI*  215.0 
>.07*  2.0934**0* 

Ho*  1 • 16*61 *03 
HHl*  215,3 
t.|*7*  4.  72S0£*Cia 
no*  •• 4238**06 
HHl*  213.0 
*-1*7*  4.6222**l>* 
nts  2.4321**0* 
Hnl*  2*3,o 
1 1*7  * 1.114600* 
Ho*  1 • 60o***03 
Hill*  2*3.0 
i o7*  1.6U46**jh 
HU*  1.42 48* *03 
HHl*  2*3. 0 
i.ol*  2,Ii>26£*li* 
Ml*  1 . 2243b  « L’0 
HHl*  **3.1. 
i (,t*  2.83oO**C6 
HUE  1 . 1 nubt  .1.  J 
HHl*  2*3.0 
u07*  4.6060  0 0* 
lill*  9,7793=*U* 
HHl*  2*3.0 
NGT*  6 . *1*2£*  0* 
HO*  *.9465t*u* 
HHl*  2*3.0 
NG7*  1. 1*04**03 
HUB-4, *742**0* 


U1W-*  *5.0 
hl>2*  1.96*000* 
VA*  ].«132C*0S 
glM-*  60.0 
1.62*  1. 9261**0* 
VA*  * .0201**07 
ull.F*  80.0 
l *2*  1.01  771*0* 
7**  3. 208*003 
U1M-*  23,0 
*02*  .. 10*200* 
VA*  2.8621**0? 
1.1  if*  4u.a 
i.UZ*  £.1244**0* 
VA*  4.i29e£*0S 
«1M«  43.0 
rii.2B  2.I*3Ot*0* 
VA*  i.4O*JL»0? 
Lilt*  *O,0 
1.1*2*  £.17111*0* 
V'*  J ,503b£*05 
Ull.f*  *3.0 
l;(»Z*  2.201100* 
9A*  4.7448**05 
UiHF*  60.0 
6G2=  2 .3102**0* 
VA  = *.3735t*05 
UihF*  80.0 
ij-.s  2^0*0T*0lT 

VA*  b.0829£*05 


«"»  1. 


VA*  1. 


VB*-1 


VS*  2, 


vs*  2 


Vfl*  2 


V9  = 1 


VH«  1 


VA*  7 


VB*-7 


7S26E  *05 


0S7*£*D5 


7A4A£*0* 


4187**05 


I7*5£*g5 


00*0L*05 


,e07***05 


.36*5005 


,5649£*0* 


, 1017£*0* 


147 


uuih,jjui  i 


Tibt*  8 (Cont.) 

LANDING  GEAR  REACTIONS  FOR  E-4  AIRCRAFT 
(3  GEAR  APPROXIMATION)  ON  TEST  STAND 


*'  * • a . u 

*G*»-i . Vfdoi  «es 

<'**•1 . 77^m.  »o* 

**■(,14,(1 

****-4.(131  u +u3 
**»-!. r*o»L»U3 
*N»t,ia,u 
NCaA*. 3. 053*0  + 03 

*N«  + 14.0 
IY(iA*-5.li3  30Laii3 
M**~J7.ll*UM  ♦O’) 
f 12. u 

HU**-*.  3H  *«(.  + (,'3 
HA*-j7. 15770  »u‘> 
*n*M4.o 

a(l* 

H«*-J,3V100+U5 
*N*hl2,U 
*(•*•-2.01  321  . itH 

*N*hl4.0 

HA*-l.fe?+at«U3 
**■•,14,0 
*6A*-4ab5'73(.  + 03 
MA»-1. 70  710  +03 
**■*12.0 ' 
Nh*«-a.b(«vbL»uj 
MAn* 1,7*5*0+03 


hui*  dfi.a 

iuT«  l,U7V7i,>im 
IV*  l.****t+tl3 
Hnl*  2/3.0 
Aw  7*  1.555U(+iHa 
Mil*  la  A ?*UC  + 03 
lull  a.i75,i} 

'■  '•»*  2.11*51  »kiw 
i"i*  1,29**0+113 
H«l*  ah.n 
l.u|!  2,  7/>*5|  aim 
"Mm  I,2l1l3i  +113 
I 111*  A75.il 

l>oY*  1,99(1(10  a If. 
hks  1.0932c +11'.. 
Hill*  4 73,0 
M'H  *.*2QU0«ii* 
*'k*  7. 0*1*1.  aim 
Hill*  <75,1. 
'U'T*  i,lU5<*l  « lira 
HI  * .l.llYllall. 

fills  30s. II 
l.uts  3 * ft  ail  3 
nil*  1.1500L  + 0.1 

Hill*  Jtib.n 
NOT*  3 .*1  OAo  + l'  3 

HU*  l.3277|_.ns 
Hill*  305.0 
*uY»  7 , A3t>*c  + l>3 
till*  1.501*1+03 


OIM+*  7 5.0 
7>li/»  2.07530+0* 
VA*  .-.931*0*0* 
III**  3il . 0 

I'li/ * <,117*111  all* 
VA  + 3*u339t+05 
UIIM  35,0 

I n.'s  * .U»39l  all* 
V<»*  3 . a * * M.  a n 3 
ull  F * *0,0 
*»•/*  2,119301*0* 
ta*  3.*27Sc*05 
l li.f  * *5,0 

I'*  V*  4 * <,10151. ail* 
VA*  5,o3SOtaCs 
1117,+  * *0,1) 
in''/*  <.  liJOl  aO* 
V»'<  *.»liiM7.  *05 
l ll.HS  Htl.tl 
M'w'*  < , 1 ICY  U f.  a II  * 
VA*  3.  7 70 31  a 05 
l IM  * a5.(i 
ru7*  2. 0*021  a Ci  H 
VA*  a . u*35t  ai)5 
l II. H*  30.0 
Mi/*  2.U39bc+0* 
VA*  2 , 93*21.  +03 
HIM-*  35.0 
t»o7*  2.O319L+0* 
vA*  3 , 03260  * 05 


VMS 


«H* 


v“* 


^ 11m 


Vllm 


v^s 


vtu-i 


VHm  i 


VR«  ? 


Vila  3 


3 a 3*7AL+U5 


2.2*521*05 


7.10031  .05 


1.9>3l{*uS 


a 7 4 3hL  ao5 


.0*171.05 


.07330*0* 


.*71510+03 


. *1»*. a u 3 


.33*11+05 


ffJHWPW1  IWIMJi.IHUlWtll . J.U 


Tablt  8 (Cont.) 

LANDING  GEAR  REACTIONS  FOR  E4  AIRCRAFT 
(3  GEAR  APPROXIMATION)  ON  TEST  STAND 


XN*tl2,0 

HA*-1 . 76att»U5 
XM612.0 
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The  gear  reactions  for  both  the  5 gear  E-4  aircraft  (Table  7)  and 
the  3-gear  approximation  (Table  8)  are  given.  In  Table  7 the  nomenclature 
is  similar  to  that  for  the  B-52  (Table  5j  with  the  addition  of  the  nomenclature 
for  the  nose  gear  as  in  the  case  of  the  E-3.  In  Table  8 the  nomenclature  is 
similar  to  that  for  the  E-3  (Table  6).  It  is  recommended  that  Table  7 be 
used  for  tie  down  loads  if  each  gear  is  to  be  tied  down  individually.  This 
should  give  conservative  results.  If  the  two  main  gear  on  one  side  of  the 
aircraft  are  to  be  lashed  together  then  Table  8 is  recommended  for  tie  down 
loads. 


The  maximum  axial  force  reactions  on  all  the  aircraft  occurred  at  a 
wind  speed  of  80  knots.  The  reactions  and  the  wind  direction  ard  position 
on  the  facility  at  which  they  occurred  are  given  in  the  following  table. 


TABLE  9 

MAXIMUM  AXIAL  FORCE  REACTIONS 


Aircraft 

Force  (lb),  Wind  Angl 

e (00 

Nose  Position 

E-3 

-1.1375  x 104 

275® 

455 

+3.475  x 103 

125° 

455 

B-52 

-9.0519  X 103 

275® 

325 

+7.0046  x 1C5 

215° 

113 

E-4 

-2.3469  x 104 

35® 

75 

+2.0641  x 104 

125® 

175 

The  negative  sign  means  that  the  aerodynamic  forces  will  tend  to 
push  the  tug.  These  axial  reactions  are  well  within  the  nominal  draw  bar 
pull  limits  of  the  tugs  recommended  for  use  with  each  aircraft. 
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7.  SUMMARY  AND  CONCLUSIONS 


A combined  experimental  and  analytical  study  was  performed  to  determine 
the  effects  of  atmospheric  winds  on  aircraft  being  towed  onto  and  tested  on  the 
TRESTLE  facility  which  is  being  built  at  Kirtland  Air  Force  Base,  New  Mexico. 

The  ultimate  results  of  the  study  were  criteria  for  maximum  wind  speeds  for  safe 
handling  of  aircraft  on  the  facility  and  tie  down  loads  for  aircraft  being  tested 
on  the  facility.  The  experimental  phase  of  the  program  consisted  of  model  tests 
to  determine  wind  flow  patterns  and  mean  velocity  components  in  the  flow  around 
the  TRESTLE  facility.  The  analytical  phase  of  the  program  developed  a method, 
using  the  wind  velocity  measurements,' to  estimate  the  forces  and  moments  acting 
on  aircraft  positioned  on  the  facility  and  to  estimate  the  reaction  at  the 
landing  gears. 

Model  tests  were  conducted  in  the  Calspan  Atmospheric  Simulation 
Facility  on  a 1:480  (1  in.  = 40  ft)  scale  model  of  the  TRESTLE  facility  and 
its  surrounding  terrain.  The  tests  consisted  of  smoke  flow  visualization 
studies  and  hot-film  anemometer  measurements  of  the  three  components  of  mean 
velocity  in  the  flow  about  the  model.  The  velocity  surveys  were  performed 
for  twelve  different  approaching  wind  directions  (every  thirty  degrees  for 
angles  between  5°  and  335°) . The  velocity  measurements  in  the  flow  about  the 
TRESTLE  were  related  to  the  velocity  measured  at  the  10  meter  level  of  a 
meteorological  tower  that  is  located  near  the  facility.  The  velocity  measured 
at  the  meteorological  station  was  used  as  the  reference  velocity  for  all  wind 
directions.  In  general  it  was  found  that  the  highest  velocities  in  the  flow 
field  occurred  on  the  ramp  leading  to  the  test  stand.  These  velocities  could 
be  as  much  as  thirty  percent  higher  than  the  reference  velocity.  The  velocity 
measurements  in  the  ASF  correspond  most  closely  to  the  hourly  mean  meteorologi- 
cal forecasts.  However,  conservative  estimates  of  the  wind  effects  will  be 
obtained  if  the  peak  gust  velocity  instead  of  the  hourly  mean  velocity  is  in- 
terpreted as  the  reference  velocity  in  the  force  analysis. 
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The  analytical  phase  of  the  program  consisted  of  developing  an  aero- 
dynamic strip  theory  that  used  the  velocity  measurements  in  the  flow  about  the 
TRESTLE  model  to  estimate  the  forces  and  moments  acting  on  aircraft  positioned 
at  various  places  on  the  full-scale  facility.  The  aerodynamic  forces  and 
moments  were  then  used  as  inputs  to  a statics  problem  in  order  to  determine 
the  reaction  between  the  aircraft  landing  gear  and  ramp.  The  analysis  was 
embodied  in  a computer  program.  Three  specific  aircraft  were  considered  in  the 
study,  i ■,ely  the  E-3,  E-4,  and  B-52 . However,  the  analysis  and  computer  pro- 
program are  not  limited  to  these  three  aircraft,  but  should  be  applicable  to 
aircraft  of  the  same  generic  class. 

The  statics  problems  for  the  three  aircraft  considered  were  all  in- 
determinate with  different  degrees  of  redundancies  depending  on  the  number 
of  landing  gears  on  each  aircraft.  These  redundancies  were  overcome  by  ideal- 
izing the  aircraft  structure  as  being  composed  of  beams  with  uniform  structural 
properties  and  applying  the  principle  of  consistent  deflections.  In  this  fash- 
ion the  statics  problems  could  be  solved  without  detailed  knowledge  of  the 
structural  characteristics  of  each  airernft.  The  analysis  worked  well  for  the 
E-3  aircraft  (.3  landing  gears)  and  the  B-52  aircraft  [4  landing  gears)  but  gave 
unrealisticly  low  values  for  the  safe  handling  speed  of  the  E-4  (5  landing  gears). 
The  E-4  was  subsequently  analysed  by  replacing  the  actual  5 gear  undercarriage 
with  an  equivalent  3 gear  undercarriage  and  this  analysis  appears  to  give 
reasonable  results. 

The  maximum  wind  velocity  for  safe  handling  was  set  by  the  occurrence 
of  lifting  or  sliding  of  any  one  of  the  aircraft  landing  gears.  Using  this 
criterion  and  considering  all  wind  directions  and  aircraft  positions,  the 
maximum  wind  speed  for  safe  handling  of  all  three  of  the  aircraft  considered 
was  50  knots  measured  at  a height  of  10  meters  on  the  meteorological  tower. 

The  B-52  was  most  sensitive  to  wind  directions  which  were  50  degrees  off  the 
fuselage  centerline  and  the  E-3  and  E-4  were  most  sensitive  to  crosswinds 
perpendicular  to  the  fuselage  centerline.  At  wind  speeds  up  to  80  knots,  the 
calculated  draw  bar  loads  were  well  within  the  draw  bar  pull  limits  of  the 
tugs  recommended  for  use  with  each  aircraft. 
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APPENDIX  A 

HOT- FILM  ANEMONE  TER  DATA  .ANALYSIS 


The  three  components  of  flow  velocity  in  the  model  test  program  were 
measured  with  a three-sensor  hot  film  probe  (TSI  Model  No.  1294CC-20- iS)  in 
conjunction  with  three  channels  of  Cal  span  fabricated  constant  temperature 
hot-wire  anemometer  bridges.  Each  of  the  three  channels  was  calibrated  in  a 
flow  velocity  calibration  apparatus  (TSI  Calibrator  Model  No.  1125)  to  deter- 
mine the  output  voltage  as  a function  of  flow  velocity  perpendicular  to  the 
sensor  elements.  The  results  indicated  that  all  three  sensors  were  extremely 
well  matched  and  that  a single  calibration  equation  could  be  used  to  calculate 
the  velocity  component  perpendicular  to  each  sensor.  The  final  calibration 
equation  is: 


. (5l:  ' ~f 


(A- 11 


where  E 
U 


P 

ft 


anemometer  output  voltage  (volts) 

velocity  perpendicular  to  hot-film  sensor  (FT/SEC) 

air  density  (slugs/ft^) 

air  density  under  standard  conditions  (2.38  x 10"^  slugs/ft^) 


The  density  terms  ar?  included  in  the  calibration  because  the  hot-film  sensors 
respond  to  density  times  velocity  rather  than  to  velocity  alone.  The  calibra- 
tion equation  was  obtained  at  air  temperatures  ranging  between  67  and  72 
degrees  Fahrenheit.  There  would  be  small  corrections  involved  in  the  constants 
in  Equation  (A-l)  if  the  air  temperature  exceeds  this  temperature  range. 
However,  in  the  test  program  the  air  temperature  in  the  wind  tunnel  was  main- 
tained within  this  range  by  proper  setting  of  the  heater  thermostats  in  the 
large  room  which  houses  the  tunnel. 


The  percentage  accuracy  of  the  hot-film  calibrations  is  shown  in 
Figure  A-l  where  it  is  plotted  as  a function  of  the  flow  velocity  term, 

p 

P~  ^MEASURED  PerPendicular  to  each  sensor.  As  can  be  seen,  the  calibration 
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is  within  approximately  plus  or  minus  two  percent  except  at  the  lowest  test 
velocity  where  it  approaches  four  percent.  The. apparent  increase  in  percentage 
error  at  the  lowest  flow  velocities  may  not  be  real  since  it  is  very  difficult 
to  obtain  an  accurate  independent  measurement  of  the  flow  velocity  at  low- 
speeds.  The  independent  measurement  was  obtained  from  an  inclined  micro- 
manometer in  these  calibrations  and  the  measured  pressure  difference  from 
which  -V-  U._,C11DC_  is  calculated  became  very  small  (less  thin  0.05  inches 
of  water  at  the  lowest  calibration  velocity).  In  any  event  the  four  percent 
error  (if  real)  is  very  small  in  terms  of  absolute  velocity  and  since  it  oc- 
curs at  low  velocities  is  not  significant  in  terms  of  calculating  the  forces 
on  aircraft. 


The  calibration  equation  provides  a relation  from  which  the  effective 
cooling  velocity  component  normal  to  each  sensor  can  be  calculated.  One 
then  uses  these  cooling  velocities  to  calculate  the  velocity  components  in 
a wind  axis  or  wind  tunnel  coordinate  system.  The  equations  required  for 
calculating  velocity  components  in  the  tunnel  coordinate  system  can  be  de- 
veloped as  follows. 

The  hot-film  probe  was  mounted  on  the  traversing  system  in  the  tunnel 
so  that  the  three  mutually  perpendicular  hot-film  sensors  each  formed  an 
equal  angle,  & , with  the  wind  tunnel  axis.  If  one  designates  the  wind  tunnel 
coordinates  as  x',  y',  and  a coordinate  system  parallel  to  the  three  sen- 
sors as  X,  y,  : then  the  resulting  geometry  is  illustrated  in  the  sketch  on 
the  following  page. 

The  channel  number  designations  shown  in  the  sketch  correspond  to 
the  channel  numbers  marked  on  the  probe  purchased  from  TSI  (See  Figure  3 in 
main  text).  If  one  uses  the  calibration  Equation  A-l  to  calculate  the  effective 
cooling  velocity  components  to  each  sensor  charnel  and  calls  these  velocities 
Uj,  U.,  and  U.  to  correspond  to  the  channel  numbers,  then  a simple  algebraic 
relationship  exists  between  the  cooling  velocities  Uj,  U,,  and  the  actual 
velocity  components  V , V , parallel  to  each  sensor.  For  the  TSI  probe, 

•X  V e* 
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SKETCH  OF  HOT -FILM  SEfOSOR  GEOMETRY 


WHO 

TKWMfi. 

AxiS 


VIEN  LOOKING 

ALONG  x ' 


SEN so*  coordinate  system  is  x , ^ , g 
w/vo  tunnel  coordinate  system  i s x',y',z' 


these  relationships  are, 


U. 


i x 


A 1 . i 

v%  t vt  * * v. 


v*  * v-;  * *V,* 


f A-  ’A 


0 , 


3.  a . A 3 

Vt  + V.  * * V. 


} 


The  information  bulletin v'  ' for  data  reduction  on  the  TSI  probe 
suggests  a relation  which  can  be  reduced  to  the  form  of  Equations  (A-2),  The 


A-l  "Dat3  Reduction  Method  for  Model  1291  - 3 P Probes  Orthogonal  Sensors", 
TSI  Technical  Bulletin  TBS 


15o 


terms  which  contain  the  constant  k compensate  for  sensitivity  of  the  sensor 
to  flow  components  parallel  to  it.  The  value  of  the  constant  was  found  to 
be  k « 0.2  from  calibration  tests  with  the  flow  parallel  to  the  sensors. 


& * v4*  > & * ~7=r  ; <cO * 

' 3 VT 

then  one  can  show 


VT  • f 

; C*r5  UO  * — 

2 ’ * 


1/  (9  * 1/  cm  9 + V.  c+i  $ 

T i 


yf  (Kr  * V,) 


• ■ V n & Atsn  bO  - V & JLt-vi  UO*  » —L  (V  - V ~) 

j *i  2 yr  •}  *} 


( A-  4 t 


V,'  m ~VX  & + V-  $ <x  4(7*  + v a**  <9  cx» 


l/f  ('v*+  T ^ * J^) 


Equations  (A-l),  (A-3)  with  k * 0.2  , and  (A-4]  were  programmed 

into  the  minicomputer  (HP  9825A)  to  provide  on-line  solutions  for  the  instan- 
taneous velocity  components  V \ V ’ V \ Four  hundred  samples  of  each  of 

\ y z 

these  components  were  then  averaged  to  provide  the  mean  velocity  components 
V Vv*.  and  V^‘.  In  addition,  rms  values  of  the  fluctuating  velocity  compo- 
nents v 1 , v 1 , v^,  were  also  obtained  by  using  the  relations 


where  the  bar  denotes  averages  taken  over  the  400  samples. 


Obtaining  the  rms  values  involved  no  additional  time  during  the  test 
program.  However  they  were  not  required  for  the  purposes  of  this  program 
and  are  not  reported  herein.  The  mean  and  rms  velocity  data  are  stored  mag- 
netically on  tape  cassettes  and  can  be  recalled  for  further  data  reduction 
on  th?  minicomputer  if  desired. 
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APPENDIX  B 

MEAN  WIND  COMPONENTS  ABOVE  TRESTLE  TEST  STAND  AND  RAMP 


This  appendix  presents  the  mean  velocity  components  (U,  V,  K)  measured 
with  the  hot-film  sensor  above  the  TRESTLE  model  test  stand  and  ramp.  The 
data  are  presented  in  twelve  figures  (B-l  through  B-12),  with  each  figure 
presenting  the  results  for  a single  wind  direction.  There  are  five  parts 
(a  through  e)  to  each  figure.  Each  part  is  for  a different  height,  Z,  above 
the  test  stand  and  ramp.  The  wind  direction  and  height  are  listed  numerically 
at  the  bottom  of  each  figure.  In  addition,  the  wind  direction  is  shown  by 
an  arrow  at  the  bottom  of  each  page.  The  mean  velocities  at  each  station  are 
listed  in  a vertical  column  with  three  numbers.  The  numbers  are  in  order  from 
the  top,  the  mean  horizontal  component,  U,  in  the  wind  direction  (positive 
in  the  direction  of  the  arrow),  the  mean  horizontal  component,  V,  perpendicular 
to  the  wind  direction  (positive  to  the  left  when  looking  in  the  direction  of 
the  arrow),  and  the  mean  vertical  component,  W,  (positive  upwards).  Each 


component  has  been  normalized  by  the  mean  wind  velocity,  U^p,  at  the  mete- 
orological station  at  a height  10  meters  above  local  ground  level. 
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Figure  B-l . (Cont.)  Mean  Velocity  Components  Above  TRESTLE  Platform  (Wind  Axis  Coordinates) 
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Figure  B-l  (Cont.)  Mean  Velocity  Components  Above  TPESTLE  PUtfom  (Wind  A/ls  Coordinates) 
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Figure  8-2.  Mean  Velocity  Components  Above  TRESTLE  Platform  (Wind  Axis  Coordinates) 
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Figure  B-2  (Cont.)  Mean  Velocity  Components  Above  TRESTLE  Platform  (Wind  Axis  Coordinates) 
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Figure  B-2.  (Cont.)  Mean  Velocity  Components  Above  TRESTLE  Platform  (Wind  Axis  Coordinates) 
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Figure  B-2  (Cont.)  Mean  Velocity  Components  Above  TRESTLE  Platform  (Wind  Axis  Coordinates) 
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Figure  B-3.  Mean  Velocity  Components  Above  TRESTLE  Platform  (Wind  Axis  Coordinates) 
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Figure  B-3  (Cont.)  Mean  Velocity  Components  Above  TRESTLE  Platform  (Wind  Axis  Coordinates) 


Figure  B-3  (Cont.)  Mean  Velocity  Components  Above  TRESTLE  Platform  (Hind  Axis  Coordinates) 
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Figure  B-3  (Cont.)  Mean  Velocity  Components  Above  Trestle  Platform  (Wind  Axis  Coordinates) 
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Figure  B-3  (Cont.)  Mean  Velocity  Components  Above  TRESTLE  Platform  (Wind  Axis  Coordinates) 
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Figure  B-4.  Mean  Velocity  Components  Above  TRESTLE  Platform  (Wind  Axis  Coordinates) 
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Figure  B-4  (Cent.)  Mean  Velocity  Conponents  Above  TRESTLE  Platform  (Mind  Axis  Coordinates) 
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Figure  B-5  (Cont.)  Mean  Velocity  Components  Above  TRESTLE  Platform  (Wind  Axis  Coordinates) 
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Figure  B-5  (Cont.)  Mean  Velocity  Components  Above  TRESTLE  Platform  (Wind  Axis  Coordinates) 
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Figure  B-6  (Cont.)  Mean  Velocity  Components  Above  TRESTLE  Platform  (Wind  Axis  Coordinates) 
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Figure  B-6  (Cont.)  Mean  Velocity  Components  Above  TRESTLE  Platform  (Vllnd  Axis  Coordinates) 
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Figure  B-7  (Cont.)  Hear  Velocity  Components  Above  TRESTLE  Platform  (Wind  Axis  Coordinates) 
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Figure  B-7  (Cont.)  Mean  Velocity  Components  Above  TPF^TLF  Platform  (wind  Axis  Coordinates) 
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Figure  B-S  (Cont.)  Mean  Vt'oclty  Components  Above  TRFCTt F Platform  (wind  Axis  Coordinates) 


Figure  B-9  Mean  Veloclt)-  Components  Above  TRESTLE  Platform  (Wind  Axis  Coordinates) 
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Figure  B-9  (Cont.)  Mean  Velocity  Components  Above  TRESTLE  Platform  {Wind  Axis  Coordinates) 
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Figure  B-9  (Cont.)  Mean  Velocity  Components  Above  TRESTLE  Platform  (Wind  Axis  Coordinates) 
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Figure  B-11  (Cont.)  Mean  Velocity  Components  Above  TRESTLE  Platform  (Wind  Axis  Coordinates) 
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Figure  B - 1 1 (Cont.)  Mean  Velocity  Components  Above  TRESTLE  Platform  (Wind  Axis  Coordinates) 
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Figure  B-ll  (Cont.)  Mean  Velocity  Components  Above  TRESTLE  Platform  (Wind  Axis  Coordinates) 
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Figure  B-12  Mean  Velocty  Components  Above  TPFSTLE  Platform  (Wind  Axis  Coordinates) 
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Figure  B - 1 2 (Cont.)  Mean  Velocity  Components  Above  TRESTLE  Platform  (Wind  Axis  Coordinates) 


Figure  B-12  (Cont.)  Mean  Velocity  Components  Above  TRESTLE  Platform  (Wind  Axis  Coordinates) 


APPENDIX  C 

CROSSFLOW  VELOCITY  VECTORS  ABOVE  TRESTLE  PLATFORM 


This  appendix  presents  computer  plots  of  crossflow  velocity  vectors 

above  the  TRESTLE  platform.  The  data  are  presented  in  twelve  figures  (C-l 

through  C- 12)  with  each  figure  presenting  the  results  for  a different  wind 

direction.  Each  vector,  U in  these  figures  is  composed  of  the  lateral 

y»  2 

wind  velocity,  U^,  and  the  vertical  wind  velocity,  U^.  The  axial  wind  compo- 
nent, Ux,  along  the  TRESTLE  axis  is  not  shown  in  these  figures.  The  cross- 
flow  vectors  have  been  normalized  by  the  mean  wind  velocity,  UR£p,  at  the 
meteorological  station  at  a height  10  meters  above  the  ground.  A velocity 
scale  showing  U ,/U0CC  ■ 1 is  provided  on  each  figure.  Note  that  the  ve- 

locity  components  (U  , U , U ) are  parallel  to  the  TRESTLE  axis  coordinate 

x y z 

system  shown  in  Figure  24  in  the  main  text.  This  coordinate  system  differs 
from  the  wind  axis  system  used  in  Appendix  B except  for  the  special  case  of 
a 335  degree  wind  direction. 


Each  of  Figures  C-l  through  C-12  contains  10  different  vector  plots 
showing  the  velocity  vectors  in  vertical  planes  at  ten  axial  locations,  (X). 
The  appropriate  vertical  cross-section  of  the  test  stand,  ramp,  or  local 
ground  contour  is  shown  schematically  below  each  plot.  The  wind  direction 
is  listed  numerically  on  each  figure  and  is  also  shown  schematically  beside 
each  of  the  ten  vertical  planes.  The  full-scale  coordinates  for  X,  Y,  and  Z 
at  each  test  point  can  be  determined  from  the  information  listed  in  each 
figure.  Data  were  not  measured  at  those  grid  points  which  show  only  a dot 
without  an  arrowhead.  A plan  view  of  the  test  grid  and  its  relation  to  the 
TRESTLE  platform  is  shown  in  Figure  24  in  the  main  text. 
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Figures  C-1  through  C-12  are  foldouts  and  are  located  at  the  back  of 

this  document. 


221 


APPENDIX  D 


DESCRIPTION  OF  COMPUTER  PROGRAM  TO  ANALYZE  WIND 
EFFECTS  ON  AIRCRAFT 


This  appendix  gives  a brief  description  of  the  computer  program  that 
was  developed  to  analyze  the  effect  of  the  wind  on  aircraft  on  the  TRESTLE 
facility.  This  appendix  gives  a list  of  the  aircraft  geometric  parameters 
required  as  inputs  to  the  program,  a list  of  the  major  aerodynamic  force  and 
moment  quantities  calculated  in  the  program  and  a brief  description  of  the 
subroutines  used  in  the  program.  A detailed  listing  of  the  computer  program 
has  been  delivered  to  AFSKL  under  separate  cover. 

The  required  input  geometrical  data  is  given  in  the  following  list. 

REQUIRED  AIRCRAFT  GEOMETRICAL  DATA 


Wing: 


CR 

cr 


ZWR 


LQCW 

*w 


sweep  of  quarter-chord  line 
root  chord 
tip  chord 

body  radius  at  wing  root 
wing  half  span 

height  of  root  chord  above  ground 
length  from  nose  tip  to  root  1/4  chord 
wing  dihedral 
wing  incidence 


Horizontal  Tail: 

j\.HT  - sweep  of  quarter-chord  line 

CTR  - root  chord 
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CTT 


ZHT 


LQCT 

*HT 

^HG 


Vertical  Tail: 

-A.VT 

CVR 

CVT 

55 

56 
LQCV 

HVT 


Fuselage: 


LF 

LN 


LCC 

LAB 

a 

b 

ZF 


XN 


tip  chord 

radius  to  root  chord 

half  span  of  tail 

height  of  root  chord  from  ground 

length  fro*  nose  to  1/4  chord  at  root 

tail  dihedral 

tail  incidence 


sweep  of  quarter-chord  line 
root  chord 
tip  chord 

height  of  root  chord 

height  of  tip  chord 

length  fro*  nose  to  root  1/4  chord 

height  of  root  chord  from  ground  line 

total  length 
length  of  nose 

length  of  cylindrical  section 

length  of  afterbody 

width  of  cylindrical  section 

depth  of  cylindrical  section 

height  of  fuselage  £ above  ground 

position  of  a/c  nose  in  TRESTLE  axis  system 


Case  2:  - applies  to  E-3 

all  of  above  plus 
Circular  Radome: 


NG 


NG  =*  5 


D 

- 

diameter  of  planform 

LRD 

- 

distance 

from  nose  to  radorae  1/2  chord 

ZRD 

- 

distance 

(height)  from  top  of  fuselage  to 

CS 

- 

strut  chord 

LCS 

- 

length  from  nose  to  1/4  chord  of  strut' 

>nfigurations 

XNG 

- 

distance 

of  nose  gear  from  nose 

X1G 

- 

distance 

of  main  gear  from  nose 

Y1G 

- 

distance 

of  main  gear  from  fuselage  <t 

L1G 

- 

length  of  main  gear 

X1G 

- 

distance 

of  1st  main  gear  from  nose 

X2G 

- 

distance 

of  2nd  main  gear  from  nose 

Y1G 

- 

distance 

of  1st  main  gear  from  fuselage  <£ 

Y2G 

- 

distance 

of  2nd  main  gear  from  fuselage  <£ 

L1G 

- 

length  of  1st  main  gear 

L2G 

- 

length  of  2nd  main  gear 

XNG 

- 

distance 

of  nose  gear  from  nose 

X1G 

- 

distance 

of  1st  main  gear  from  nose 

X2G 

- 

distance 

of  2nd  main  gear  from  nose 

Y1G 

- 

distance 

of  1st  main  gear  from  fuselage  4 

Y2G 

- 

distance 

of  2nd  main  gear  from  fuselage  4 

L1G 

- 

length  of  1st  main  gear 

L2G 

- 

length  of  2nd  main  gear 
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The  following  is  a list  of  the  nomenclature  and  quantities  calculated  by  the 
Aerodynamic  force  and  moment  part  of  the  computer  program.  The  symbols  or 
names  of  each  quantity  are  those  used  in  the  FORTRAN  listing  of  the  program. 


RKAF 

axial  force  on  right  wing 

LWAF 

axial  force  on  left  wing 

FAF 

fuselage  axial  force 

AFTR 

axial  force  on  right  horizontal  tail 

AFTL 

axial  force  on  left  horizontal  tail 

AFVT 

axial  force  on  vertical  tail 

PAF 

axial  force  on  redone  pod  (E-3) 

BFS 

• 

axial  force  on  radome  pod  strut  (E-3) 

RWSF 

side  force  on  right  wing 

LKSF 

- 

side  force  on  left  wing 

WSF 

- 

sum  of  RWSF  and  LWSF 

FSF 

side  force  on  fuselage 

SF 

side  force  on  fuselage  nose 

CCSF 

side  force  on  fuselage  cylindrical  section 

ASF 

side  force  on  fuselage  afterbody 

SFTR 

side  force  on  right  horizontal  tail 

SFTL 

side  force  on  left  horizontal  tail 

SFVT 

side  force  on  vertical  tail 

SFP 

side  force  on  radome  pod  (E-3) 

SFS 

side  force  on  radome  pod  strut  (E-3) 

RWNF 

normal  force  on  right  wing 

LWNF 

- 

normal  force  on  left  wing 

NFiV 

- 

sum  > f RWNF  ard  LWNF 

FNF 

- 

normal  force  on  fuselage 

NL 

- 

normal  force  on  fuselage  nose 

CCNF 

- 

normal  force  on  fuselage  cylindrical  section 

ANF 

- 

normal  force  on  fuselage  afterbody 

NFTR 

- 

normal  force  on  right  horizontal  tail 

NFTL 

- 

normal  force  on  left  horizontal  tail 

PNF 

- 

normal,  force  on  radome  pod 

RWRM 

* 

rolling  moment  on  right  wing 
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LKRM 

- 

rolling  moment  on  left  wing 

RMfTR 

- 

rolling  moment  on  right  horizontal  tail 

R»m. 

- 

rolling  moment  on  left  horizontal  tail 

RMVT 

- 

rolling  moment  on  vertical  tail 

PRM 

- 

rolling  moment  on  radome  pod  (E-3) 

RMS 

- 

rolling  moment  cn  radome  pod  strut  (E-3) 

RWPM 

- 

pitching  moment  on  right  wing 

LKPM 

- 

pitching  moment  on  left  wing 

- 

sum  of  I.NPM  and  Rh'PM 

TSUTR 

- 

pitching  moment  on  right  horizontal  tail 

PMHTL 

- 

pitching  moment  on  left  horizontal  tail 

FPM 

- 

pitching  moment  on  fuselage 

PPM 

- 

pitching  moment  on  radome  pod  (E-3) 

RWYM 

• 

yawing  moment  on  right  wing 

IKYM 

- 

yawing  moment  on  left  wing 

KVM 

- 

sum  of  RMM  and  LhYM 

FYM 

- 

yawing  moment  on  fuselage 

Y>HTR 

- 

yawing  moment  on  right  horizontal  tail 

YMHTL 

- 

yawing  moment  on  left  horizontal  tail 

YM\T 

- 

yawing  moment  on  vertical  tail 

PYM 

- 

yawing  moment  on  radome  pod  (E-3) 

YMS 

- 

yawing  moment  on  radome  pod  strut  (E-3) 

FXA 

- 

total  axial  force  on  aircraft 

FYA 

- 

total  side  force  on  aircraft 

f:a 

- 

total  normal  force  on  aircraft 

MXA 

- 

total  rolling  moment  on  aircraft 

MYA 

- 

total  pitching  moment  on  aircraft 

MZA 

- 

total  yawing  moment  on  aircraft 

The  following  is  a list  of  the  subroutines  and  a short  description 
of  their  function,  in  the  computer  program  that  was  used  to  calculate  the 
reactions  on  the  landing  gear  of  each  aircraft. 
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TRESTLE  - Main  program 

INPUTS  - Reads  all  input  data  except  U.  • <P 

and  XN 

GEOM  - Computes  all  geometric  parameters 

needed  in  the  analysis 

AEROFM  - Directs  the  computation  of  the  aero- 

dynamic forces  and  moments  on  the 
who lb  aircraft 

GREAC  - Directs  the  computation  of  the  gear 

reactions  for  all  aircraft 

PRINTS  - Outputs  all  data 

KINGl  - Computes  forces  and  moments  on  inboard 

panel  for  both  wings 

KING2  - Computes  forces  and  moments  on  the 

middle  wing  panel  for  both  wings 

KINGS  - Computes  forces  and  moments  on  the  tip 

wing  panel  for  both  wings 

KINGRL  - Sums  the  forces  and  moments  on  all 

wing  panels  and  computes  the  induced 
drag 

F 'NOSE  - Computes  forces  and  moments  on  fuselage 

nose 

FUCYLN  - Computes  forces  and  moments  on  cylindrical 

section  of  fuselage 

FUAFT3  - Computes  forces  and  moments  on  fuselage 

afterbody  and  sums  all  forces  and 
moments  on  fuselage 

HTPANS  - Computes  forces  and  moments  on  horizon- 

tal tail 

VTFOMO  - Computes  forces  and  moments  on  vertical 

tail 

RDOMEP  - Computes  forces  and  moments  on  radome 

pod  (E-3) 
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ROOMES  - Computes  forces  and  moments  on 

radome  strut  (E-3) 

CLDVSA  - Interpolates  in  tables  of  CL  and 

CD  vs. a for  NACA  0012  airfoil  data 

WIND  - Stores  all  velocity  data  from  wind 

tunnel  tests  and  interpolates  as  re- 
quired for  other  subroutines 

GEARS  3 - Computes  gear  reactions  for  aircraft 

having  3 gears 

GEARS  4 - Computes  gear  reaction  for  aircraft 

having  4 gears 

GEARS  S - Computes  gear  reactions  for  aircraft 

having  S gears 

PACKS  - Computes  special  functions  needed  in 

FACSK  GEARS  3,  GEARS  4,  GEARS  S 

FACSS 
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Figure  C-l  Mean  Crossflow  Velocity  Vectors,  U , In  Vertical  Planes  Above 
TRESTLE  Platform,  005  Degree  Wind  y,z 
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Figure  C-2  Mean  Crossflow  Velocity  Vectors,  U y,  In  Vertical  Manes  Abe 
TRESTLE  Platform,  035  Degree  Wind  y,z 
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Figure  C-3  Mean  Crossflow  Velocity  Vectors,  U z,  In  Vertical  Planes  Above 
TRESTLE  Platform,  065  Degree  Wind 


231 


o i - :aivos 


=624  FT 


280  FT 


till  I 1 1 //[¥ 


\W 


S 5 8 J2° 


//  ! 1 in 


\\\ 


\w 


i \ \w  \ ww  inwvi i 


Figure  C-4  Mean  Crossflow  Velocity  Vectors,  U , In  Vertical  Planes  Above 
TRESTLE  Platform,  095  Degree  Wind  y,z 
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Figure  C-5  Mean  Crossflow  Velocity  Vectors,  U z>  In  Vertical  Planes  Above 
TRESTLE  Platform,  125  Degree  Wind 
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SCALE:  <UyyuflEF)  - 1.0 


tgure  C-6  Mean  Crossflow  Velocity  Vectors  U 
TRESTLE  Platform,  155  Degree  Wind 
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Figure  C-7  Mean  Crossflow  Velocity  Vectors,  U z»  In  Vertical  Planes  Above 
TRESTLE  Platform,  185  Degree  Wind  ' * 
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Figure  C-9  Mean  Crossflow  Velocity  Vectors,  U 2,  In  Vertical  Planes  Above 
TRESTLE  Platform,  245  Degree  Wind 
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SCALE:  (UvyUne^» 


SCALE:  (Uy>z/UnEF)  ■ 1.0 
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Figure  C-ll  Mean  Crossflow  Velocity  Vectors,  U ,,  In  Vertical  Planes  Above 
TRESTLE  Platform,  305  Degree  Wind  ^,z 
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